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PREFACE 


This  report  documents  the  processes  by  which  the  US  Array  Engineer  Water¬ 
ways  Experiment  Station  (WES)  Shallow-Water  Wave  Model  (SWWM)  was  applied  to 
the  Atchafalaya  River  Delta  Study  to  simulate  a  1-year  wave  climate.  The  work 
described  herein  was  funded  by  the  US  Army  Engineer  District,  New  Orleans. 

The  study  was  conducted  under  the  direction  of  Messrs.  H.  B.  Simmons 
and  F.  A.  Herrmann,  Jr. ,  former  and  present  Chiefs  of  the  Hydraulics  Labora¬ 
tory;  R.  A.  Sager,  Chief  of  the  Estuaries  Division;  W.  H.  McAnally,  Jr. , 
Project  Manager;  and  J.  V.  Letter,  Jr.,  Task  Coordinator.  This  study  was 
performed  by  Dr.  Robert  E.  Jensen,  formerly  of  the  Wave  Dynamics  Division 
(WDD) ,  Hydraulics  Laboratory,  under  the  direct  supervision  of  Dr.  R.  W.  Whalin 
and  Mr.  C.  E.  Chatham,  Jr.,  former  and  present  Chiefs,  WDD.  The  WDD  and  its 
personnel  were  transferred  to  the  Coastal  Engineering  Research  Center  (CERC), 
WES,  on  1  July  1983,  under  the  direction  of  Dr.  R.  W.  Whalin,  Chief  of  CERC. 

A  special  acknowledgment  is  due  E.  M.  Seeley,  M.  J.  Kasper,  and  E.  C.  Stiles 
for  typing  the  original  manuscript,  and  B.  F.  Vavra  and  M.  B.  Habeeb  for 
coordinating  all  activities  with  the  final  publication  of  this  report. 

Commanders  and  Directors  of  WES  during  the  study  and  the  preparation  and 
publication  of  this  report  were  COL  John  L.  Cannon,  CE,  COL  Nelson  P.  Conover, 
CE,  COL  Tilford  C.  Creel,  CE,  and  COL  Robert  C.  Lee,  CE.  Technical  Director 
was  Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS,  US  CUSTOMARY  TO  METRIC  (SI) 
UNITS  OF  MEASUREMENT 


US  customary  units  of  measurement  used  in  this  report  can  be  converted  to 
metric  (SI)  units  as  follows: 


Multiol 


To  Obtain 


feet 

0.3048 

metres 

feet  per  second 

0 . 3048 

metres 

per 

second 

knots 

( international ) 

0.514444 

metres 

per 

second 

miles 

(US  nautical) 

1.852 

kilometres 

square 

feet  per  second 

0.09290304 

square 

metres  per  second 

figure  1.  Wave  hindcast  study  area  displaying  station  and  wave  gage  locations 


THE  ATCHAFALAYA  RIVER  DELTA 


WAVE  HINDCASTS 


PART  I :  INTRODUCTION 

Background 

1.  Wind-driven  water-wave  motions  in  Atchafalaya  Bay  are  thought  to  pro 
vide  the  energy  necessary  to  place  bottom  sediments  into  suspension  where  they 
can  then  be  transported  by  wind-driven  or  tidally  induced  currents.  Within  a 
shallow-water  bay  or  estuary,  where  wind-driven  currents  are  a  major  contribu¬ 
tor  to  the  hydrodynamics,  wind-wave  motions  become  more  important.  Therefore 
quantification  of  the  wave  climate  in  Atchafalaya  Bay  becomes  a  critical  ele¬ 
ment  in  the  overall  objective  of  the  Atchafalaya  River  Delta  investigation.* 

A  1-year  wave  hindcast  at  10  locations  was  performed  to  determine  the  climatic 
variability.  This  information  will  be  employed  in  a  two-dimensional  numerical 
model  for  sediment  transport  to  compute  deposition  and  resuspension  of  bottom 
sediments . 

2.  Results  from  the  wind-field  analysis  task  of  the  Atchafalaya  River 
Delta  investigation  indicated  that  winds  measured  in  the  bay  during  the  period 
1981-1982  were  very  typical  for  the  area  (Ebersole  1985);  hence  it  is  reason¬ 
able  to  assume  that  during  this  time  the  wave  climate  should  be  characteristic 
of  those  which  normally  occur.  With  the  wave  conditions  estimated  for  a  typ¬ 
ical  year,  it  can  be  inferred  that  historical  changes  in  the  bay  can  be  based 
on  the  1-year  wave  climate.  The  extreme  wave  events,  such  as  the  10- ,  20- ,  or 
50-year  event  would  not  be  identified  because  of  the  limited  data  source  of 

1  year. 

3.  A  wave  monitoring  program  was  established  to  estimate  existing  wave 
conditions  at  three  locations  in  Atchafalya  Bay  (Figure  1).  These  results 
were  used  to  verify  an  existing  finite  water  depth  spectral  wave  model.  Once 
verified,  the  model  was  employed  to  compute  wave  information  in  the  bay  for  a 
1-year  period  using  prototype  wind  estimates  as  a  forcing  function.  The  final 

W.  H.  McAnally,  Jr.,  and  S.  B.  Heltzel .  1978.  "A  Plan  for  Predicting  the 

Evolution  of  Atchafalaya  Bay,  Louisiana"  (unpublished),  US  Army  Engineer 
Waterways  Experiment  Station,  Vicksburg,  Miss. 


tuiu'Lioiis  for  a  given  sLatiori.  Aithoiigh  this  formulation  ri'inoves  all  temporal 
variations  in  Llie  wave  climate,  it  presents  the  iniormation  in  a  more  manage- 
al)ie  form.  fhe  t  i  me-h  i  s  I  ui  i  es  of  the  wave  eoiid  1 1  i  ons  (wave  height,  period, 
and  dirc'ction  of  wave'  propagation  every  i  hr)  at  eac:h  station  location  have 
fic'en  saved  on  magnetic  tape  for  future  analysis. 

Object i ve 

4.  The  objective  of  tfie  overall  project  is  to  develop  a  set  of  tools  to 
pre<lict  the  evolution  of  tlie  Atcfiafalaya  River  delta  and  the  effects  of  that 
evolution.  One  of  tfiose  effects  is  discussed  in  this  report.  The  objectives 
in  (luan  t  i  t  i  ca  t  i  on  of  tfie  wave  climate  are: 

a.  Primary  objective.  Develop  and  emitloy  an  accurate  spectral  wave 
model  that  includes  wave  growth  and  the  mechanisms  involved  in 
finite  water  ilepth  wave  transformations.  Calibrate  and  verify 
the  s))ectral  wave  model  based  on  prototype  results.  Once  veri¬ 
fied,  generate  a  i-year  wave  climatology  for  the  Atchafalaya  Bay 
a  rea  . 

b  .  S_e c_oj i_d ary  o bj e c t  i_y es_. 

(1)  Analyze  measured  wave  information  to  establish  a  baseline  to 
estimate  tlu'  confidence  limits  in  the  computed  wave  results. 

(2)  Determine  from  existing  measured  w'ind  and  wave  information 
the  extent  of  the  effect  the  Gulf  of  Mexico  has  on  the 
Atchafalaya  Bay  wave  climate. 

(3)  Evaluate  growl!)  rate  relations  based  on  prototype  wave  in¬ 
formation  in  finite  water  depths. 


PART  II:  MEASURED  WAVE  DATA 


5.  In  the  fall  of  1981,  a  wave  gaging  program  was  initiated  in  the 
Atchafalaya  Bay  area.  Three  pressure-type  wave  gages  were  deployed  at  the 
positions  shown  in  Figure  1.  The  wave  gages  were  self-contained  pressure¬ 
sensing  instruments  (SEA  DATA  Model  635),  mounted  on  the  legs  of  existing  off¬ 
shore  platforms  as  close  to  the  bottom  as  possible.  The  gages  were  synchro¬ 
nized,  thus  measuring  wave  conditions  at  virtually  the  same  time. 

6.  The  sampling  interval  for  all  gages  was  set  at  1.0  sec,  and  the  total 
sample  record  was  1,024  sec,  obtained  every  3  hr.  The  Nyquist  folding  fre¬ 
quency  for  a  sampling  rate  of  1  sec  is  0.5  Hz  (2.0  sec);  for  waves  with  pe¬ 
riods  slightly  above  2.0  sec,  aliasing  of  spectral  energy  can  become  a  problem. 
However,  water  depths  in  which  the  gages  were  placed  acted  as  low  pass  filters 
and  only  frequencies  greater  than  0.6  Hz  remained  unresol vabl e ,  reducing  the 
problem  of  aliasing  to  a  minor  effect. 

7.  Data  tapes  were  retrieved  from  the  gages  and  returned  to  the  US  Army 
Engineer  Waterways  Experiment  Station  for  processing.  Wave  spectra  were  com¬ 
puted  via  a  discrete  Fast  Fourier  Transform  (FFT)  and  converted  from  a  dynamic 
pressure  spectrum  to  a  free  surface  spectrum  according  to  linear  wave  theo^’y. 
The  spectral  energy  density*  of  the  sea  surface  is  related  to  the  pressure 
spectrum  in  the  following  manner: 


E 

s 


(f) 


r 

Lcosh  (kh)J 


E  (f) 
P 


(1) 


where 

E^(f)  -  free  surface  energy  density  spectrum 

k  =  wave  number  (equal  to  2n/L  where  L  is  the  wavelength)  de¬ 
fined  at  each  frequency  f  ,  at  a  given  local  water  depth  d 

d  =  height  of  the  pressure  sensor  above  the  bottom 

E  if)  =  pressure  spectrum 

The  computed  spectra  (E  (f))  are  otily  approximations  to  the  wave  conditions 
tliat  exist  at  a  given  period  of  time  and  becoiiK'  dependent  on  thf‘  selection  of 
a  particular  analysis  procedure.  If  a  uniform  tecfitiiipte  is  used  for  wave  data 

In  actual  .ipp  1  i  i  .it  i  on ,  the  term  K  iloes  not  have  the  units  of  energy  hut 
rather  of  IcTigtfi  squ.irecl,  '['ti  i  s  will  apply  to  all  variatiles  called  energy 
f  ound  in  this  n-pcirt  . 


will  retlec't  the  varidtiun  i  ii  itic  v.ive  ciiiiute. 


acialvsis,  variation  in  E  (fj 

s 

8.  Ttie  I  ha  racLe  r  i  s  t  i  c  wave  height  H  ear'  then  lu-  l  eh  whett* 

nio 


H  =  4  /  /  E  (f  i.ii  (2  1 

-o  \/l/T 

whe  re 

At  =  sampling  intei'val  equal  to  1.0  sec 
T  =  record  length  equal  to  1,024  sec. 

The  peak  spectral  wave  period  is  defined  b\' 

T  =  ~  (3) 

P  f 

111 

wherc^  =  frequency  at  which  the  maximum  spectral  energy  occurs , 

9.  Certain  criteria  were  established  to  ileterminc>  the  valiility  ol  the 
measured  wave  intorination  <lerived  from  the  pressure  gages.  During  periods  ol 
time  when  extremely  low  energy  levels  were  recorded,  the  EFT  routine  employed 
in  the  analysis  would  indiscriminately  place  90  percent  of  the  spectral  energy 
density  into  the  first  finite  frequency  band  (0.0044  Hz).  A  peak  spectral 
wave  period  of  approximately  227  sec  would  signify  ''bad”  or  nonrt'presentat  i  ve 
wave  information.  These  results  were  set  to  zero  and  ignored  in  the  remaining 
ana  lysis. 

10.  The  transformation  from  a  dynamic  pressure  spectrum  (determined 
from  the  time-history)  to  a  free  surface  spectrum  can  also  lead  to  erroneous 
results.  A  measure  of  the  uncertainty  is  found  by  an  energy  ratio  given  by 

F.  (f) 

=  FIT) 

P 


where  the  overhar  signified  a  weighted  average  over  the  frequenev  domain.  The 

hr.icketed  term  in  Equation  1  becomes  very  large  for  certain  water  depths  <ind 

frequencies.  Anv  error  found  in  E  (f)  would  he  amplified  in  E  (f)  ,  based 

[1  s 


I  osh  ( kd  )  ^ 
(  osh  ( kh  ) 


Ibe  (iitofl  between  "good”  .ind  "bad"  w.ive  inform.it  ion  c.in  be  relatecl  to  the 
v.ilidity  of  the  wave  theory  employeil  to  tr.insfonii  E  (f)  to  K  (f)  .  A  value 


of  20.0  or  greater  would  indic.ate  that  non  1  i  nea  r  i  t  les  exist  and  the  present 
techniques  would  not  be  adequate  t<j  resolve  the  tree  surface  spectrum  from 
pressure  measurements.  Although  there  w\as  a  certain  amount  of  subjectivity 
associated  with  the  selection  of  the  cutott  limit,  it  liiil  provide  a  uniform 
standard  to  reduce  the  number  of  potentially  invalid  w'ave  results. 
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PART  III:  WAVE  HINDCASTING  TECHNIQUE 


11.  To  accurately  describe  the  wave  climate  within  Atchafalaya  Bay,  two 
types  of  techniques  can  be  employed--wage  gaging  and  wave  hindcasting.  Al¬ 
though  a  network  of  w.ive  gages  eventually  would  provide  a  good  data  base,  the 
expense  involved  to  provide  detailed  coverage  over  the  entire  Atchafalaya  Bay 
region  would  he  prohibitive. 

12.  A  viable  alternative  to  comprehensive  wave  gaging  within  the  bay  is 
to  hindcast  the  wave  climate  throughout  the  region  of  interest.  Given  enough 
measured  wave  data  within  the  area,  a  wave  nioilel  can  be  calibrated  and  veri¬ 
fied.  Once  the  verification  process  is  complete,  the  model  can  be  applied  to 
other  locations  within  the  full  extent  of  the  study  area  (assuming  that  the 
physical  processes  affecting  one  location  are  similar  at  other  locations). 
Since  three  wave  gages  were  deployed  in  different  regions  and  sufficient  wave 
data  were  obtained  at  each,  it  was  expected  that  model  replication  of  results 
at  the  three  sites  would  infer  accurate  results  throughout  the  bay.  The  only 
assumption  governing  the  model  is  that  wind  conditions  remain  uniform  in  both 
speed  and  <lirection  over  the  entire  Atchafalaya  Bay.  Results  from  the  wind 
field  analysis  indicate  that  this  assumption  is  valid  (Ebersole  1985). 

13.  Many  different  techniques  are  presently  available  to  hindcast  wave 
cha rac te r i s t i  c:s  .  These  techniques  can  be  subdivided  into  three  categories: 

(aj  empirical,  (b)  parametric,  and  (c)  numerical.  A  detailed  description  of 
these  techniques  can  be  found  in  Hsiao  (1978)  and  Vincent  (1982).  A  new  wave 
moiiel,  the  Shallow  Water  Wave  Model  (SWWM),  has  been  successfully  employed  in 
two  previous  stinlies  (vlarcia  and  Jensen  1983,  and  Jensen  1983a).  The  key  to 
this  iiew'  appiiuich  is  that  the  resulting  wave  comlitions  are  generated  by  trans 
tDniiati'u;  mechanisms  ratfier  than  transforming  wave  conditions  during  wave 

[>  rop.i  ^.1 1  i  on  .  t'ompu  t.i  t  i  ona  I  1  y  ,  it  is  more  efficient  to  transform  wave  condi- 
t  lolls  f  1  om  one  location  to  the  next  r.ilher  than  simultaneously  jiropagating  and 
i  r.i  IIS  f  o  ini  1  iig  sets  ut  wave  c-oiid  i  t  i.uis  from  point  to  point  in  a  rectangular  grid 
■  vsteiii  as  IS  done  i  ii  numerical  metliods  (for  ex.imple,  Ke.sio  1981).  The  SWWM 
1  iH  I  iides  we."  ,^rowifi,  nonlinear  energy  transfers,  wave  shoaling,  energy  dissi- 
I'.tV  ion  resulting  Ir'i.)  wave  dec. ly  ,  bottom  friction  eftc'cl.s,  and  wave  breaking. 
’•fe:i  tianstoriiMl  ion  meihaiiisiiS  a  >‘e  ('valu.iled  pa  i  , ime  t  r  i  ca  1  1  y  ,  while  the'  remain¬ 
ing  I'll  ■;  h..  n  1  Mils  a.r  d  e  I  e  t  ill  i  111 'd  Iron,  eiiip  i  r  I  (  ,1  I  I  dc'l'ived  relations.  The  theo- 
rei  ill  deve  I  ofiiiiei,  I  .,!  I  be  SV.VM  is  f>  i  i  e  f  I  V  preseiiiei  below. 


14.  Hasselniann  et  al.  (1976)  introduced  a  parametric  model  of  wind-wave 
generation  relating  the  rate  of  energy  growth  to  nondimens iona 1  characteristics 
of  the  wind  field.  The  energy  growth  (in  space  or  time)  is  governed  by  a  self¬ 
similar  process  and  verified  through  extensive  prototype  data  (Hasselmann 
et  al.  1971,  1976).  In  these  studies,  the  dominant  energy  input  to  the  for¬ 

ward  face  of  the  spectrum  is  related  to  convergence  of  energy  flux  due  to  non¬ 
linear,  resonant  wave-wave  interactions  (Figure  2)  of  the  form  described  by 


Figure  2.  Schematic  representation  of  the  nonlinear 
wave-wave  interaction 


Hasselmann  (1962).  Studies  by  Mitsuyasu  (1968,  1969)  and  Ki ta igordsk i i  (1962) 
also  displayed  similar  results.  Although  these  formulations  were  developed 
for  deepwater  wave  conditions,  they  are  used  in  the  SWWM  because  the  only 


formulations  of  the  nonlinear  transfers  are  based  specifically  on  JONSWAP  type 
wave  spectra. 


15.  The  rate  of  wave  growth  under  ideal  conditions  of  fetch  or  duration 
limitations  and  a  stationary  wind  field  can  be  computed  (Hasselmann  et  al. 
1976).  For  growth  along  a  fetch,  the  solution  is 


E  =  1 .6  X  10“^U^  -  (6) 

o  g 


and  for  growth  through  time,  it  becomes 


E 

D 


4.3  X  10 


-10,,18/7^-4/7  10/7 
U  g  t 


(7) 


where 

E  -  total  energy  resulting  from  a  wind  speed  U  (assumed  to  be  over¬ 
water  wind  conditions  adjusted  to  33-ft*  elevation),  blowing  over 
a  given  fetch  length  F 

g  =  gravitational  acceleration 

t  =  time  since  the  wind  began  to  blow 

16.  Additional  information  required  to  quantify  the  distribution  of 

given  in  the  form  of  an  energy  density  spectrum  is  the  nondimens ional  peak 

frequency  f^  and  the  Phillips  equilibrium  constant  a  (Phillips  1957),  as 

shown  in  Figures  3  and  4.  These  parameters  are  written  as 

a  =  0.076X*‘^'^^  (8) 


ai\d 


f 

m 


^-0.33 
3.5X  ^ 


where  X  is  the  nond i mens iona 1  fetch  length 


(9) 


:v  =  gF'  (10) 

A 

U 

17.  Although  Hasselmann  et  al.  (1976)  found  that  wave  growth  followed 
the  par.imetrii  forms  defined  in  terms  of  <li.stancc  ainl  time,  it  is  shown  that 
for  all  wa  ve-g('ne  r.r  t  i  rig  conditions  in  Atchafalaya  bay,  wave  growth  is  ade- 
i|n.ilely  described  only  by  spatial  vari.ations.  Therefore  it  becomes  a  matter 

A  table  ot  tailors  tor  converting  US  customary  units  ot  measuremi-nt  to 
metrii  (SI)  units  is  presented  on  page  3. 


,'t  1.  limp. 1  r  III  i;  the  ptoLoiv.i  icsiilis  ( tf  ,  'I  .  and  K(fj)  with  the  hindcast 

iiio  p 

niuil.' I  that  eihplov;;  hpl  a  I  i  .ai;:  <)  ,  8.  and  . 

18.  Mit  pa  ('.nil'- 1  e  I  I  '.a  t  i  an  i)  f  Ih.e  wave  grcwtii  is  somewhat  restricted  so 
that  w'tu-ii  the  nond  1  mens  1  nn.i  i  peak  ff  e<|iiency  attains  a  value  of  0.13  or  less,  a 
iiillv  de\el -led  s-a  state  i  ■-  aehievei)  and  wave  grow’tli  is  halted.  Over  long 
!et(.h  lengths  .ini  low  wind  speeiis,  this  t  ond  i  t  i  on  lan  occur  to  some  degree  ol 
regiilarilv.  Iliiis  liipi.ilions  6,  8,  and  ')  .ire  then  redefined  by 

10 

Q  K  F  f.  (11) 

ft,  ■* 

wilt'  re 

o  -  d('[iendent^).i  raiiieters 

K  =  nnnvarying  parameters  (and  cfinstants) 

1  =  increment  counter  p.ir.imeler 

r, ,  =  iinlependent  paraiiu  iers  (1  .and  X)  fiaind  in  E<(uations  6-10 

■Alter  each  discrete  fetch  length  K.  ,  the  nond  i  mens  i  ona  1  peak  frequency  is 
evaluated  to  teii^rmine  it  f  0.13  .  If  this  occurs,  wave  growth  is  termi¬ 
naled;  and  wave  decay  is  initiated  for  the  remainder  of  the  fetch  length. 

W.ive  dt'cay  is  pa  raiiie  t  e  r  i  xed  (ol  lowing  the  work  conducted  by  Bretschneider 
(10S2)  and  Mitsuyasu  and  Kiiimr.i  (lOtiS)  for  f  ,  the  peak  frequency  (where 

t  -  f  g/LI),  while  the  t<tal  energv  detav  rate  follows  that  described  by 
m  m  •  ■ 

Jen.sen  (1083b). 

10.  Wave  corn!  I  t  1  •'MS  generated  in  a  giv<*n  body  of  water  also  must  include 
disjiersion  ettects  resulting  t  roni  finite  walir  depth  conditions.  When  the 
w.iter  depths  v.iry  from  1  to  1' ,•  +  j  >  ‘'"f'  consider  the  conservative 

t  r.iris  I  o  rm.i  t  1  on  mec  ti.i  n  i  sms  of  sfioaling  .ind  refraction.  Wave  shoaling  is  deter¬ 
mined  from  the  ovalnition  of  group  spetuls  governed  by  linear  theory.  Wave  re- 

fr. lit  ion  IS  ueglecierl  under  the  .issum|>t  i  on  that:  w.ive  conditions  found  in 
A  t  c  h  I  f  .1  I  a  v.i  111  v  appiMi  lo  be  1 1' t  I  iieiii  e<l  tiv  (li.mges  in  llie  wind  direction  over 

1  h  Ml  gi  s  Ml  t  !o  e  I  , ,  ,  I  ; .  .1,  . ,  I  V.  .1  |i  1 . I  g  1 1  i  on  c,i  used  by  va  r  i  a  t  i  on  s  in  the  bot¬ 
tom  t  opog  r  .1  |.h\  .  Ihi:  .oisiiiiipt  I  oil  w.is  \i  r  i  I  i  ed  from  the  prototypie  results. 

.’0  (iiiite  w.iioi  .liptti  loiulitions  ,i  I  so  lead  to  bottom  dissipation  ef- 

(eits  oil  the  gi  'Wing  seas  f.iierg.  lo.ses  .issociateii  with  bottom  friction  are 
em|i  I  I  1  I  .1  I  I  >  ill  e  le  i  e  I  using  the  following  s<‘  t  s  of  eq  u<a  L  i  oii.s  de  ve  1  o|)ed  by 

8  re  t  s  I  hue  I  de  r  i  ml  Held  (  1  'i  ‘’■‘i*  ,  : 


E  =  E 


V 


where 


E  =  final  total  energy  at 
Ej^  =  original  total  energy  at 

ff  =  nondimens iona 1  friction  factor  (set  at  0.001) 

AF^  =  distance  of  wave  travel  within  the  discrete  fetch  length 


2k. h. 

_ 1  1 _ 

sinh  (2k . h . ) 

1  1 


K  =  tanh  (k , h . ) I  1  + 


sinh  (2k.h. 


where 


s _ 

2k. h.  ) 

i  i 


k.  =  wave  number  (k^  =  27i/L^) 

L.  =  wavelength  evaluated  for  f 
1  m 

h.  =  water  depth  at  F. 

21.  The  most  puzzling  feature  in  all  the  measured  results,  regardless  of 

the  wind  and  presumed  direction  of  wave  propagation,  was  the  lack  of  high  wave 

conditions.  Comparison  of  this  wave-producing  environment,  based  primarily  on 

geographical  and  bottom  topographic  constraints  (fetch  lengths  and  water 

depths)  and  wind  intensity,  with  previous  studies  (Jensen  1983b,  Garcia  and 

Jensen  1983),  showed  that  H  and  T  results  were  expected,  on  the  average, 

mo  p 

to  be  2  to  4  ft  and  3  to  5  sec,  respectively.  However,  the  prototype  results 
showed  mean  conditions  of  0.5  to  0.8  ft  and  2.0  to  2.5  sec.  There  is  substan¬ 
tial  evidence  to  attribute  part  of  the  energy  loss  to  wave/soft-bottom  interac¬ 
tions.  If  this  is  true,  frictiotial  losses  would  be  minimal,  based  on  the  sedi¬ 
ment  type  associated  with  the  two  processes.  Frictional  losses  are,  in  general, 
related  tf)  the  sediment  size;  as  the  mean  grain  size  increases,  so  will  the 
shear  stress  (and  thus  the  work  done  by  the  bottom  orbital  velocities).  Thus 
the  friction  factor  is  set  one  order  of  magnitude  smaller  (compared  with 
Bretschne ider  and  Reid  1954,  Hasselmann  arul  Collins  1968,  or  Hsiao  1978)  to 
reduce  the  energy  loss  du<’  to  bottom  friction.  For  soft-bottom  interactions, 
the  rate  of  energy  dissipation  will  increase  (Gade  1958,  Dalrymple  and  Liu 


15 


l‘)78,  aiui  [•  o  r  r  i  s  t  a  1  I  and  K<>ecc  1984)  with  a  finer  gr.iiii  sizt*.  S  i  lu  e  Atcfiati- 
l.iya  Bay  hottoin  sediments  are  derived  from  t  tu'  rivei  iiie  env  i  rouiiieii  t  ,  one  won  I  ■ 


lie  led  to  believe  that  wave-soft  bottom  i  n  t  e  r  u  t  i  mi  s  would  siijiersede  wave- 
bottom  trictional  losses. 

22.  The  second  theoretical  .ispet  t  of  SWWM  de.i  1  s  |irimaiily  witfi  the  dis- 

trifint  ion  of  the  total  eneriiv  (K  )  in  tlie  form  of  ,i  one -d  i  iiu’iis  i  oua  1  discrete 

o 

frequency  spectrum  (E(f.)).  Through  the  use  of  similarity  princiiiles, 

K  i  t  a  i  go  rdsk  i  1  ,  Krasitskii,  and  Zaslavaskii  (197')j  extendeii  Bhil  lips'  deepwatei 
hypothesis  (Phillips  1958)  of  the  equilibrium  range  in  Ltie  speciriini  of  wind- 
generated  surface  waves  to  finite  depth  conditions.  i’tie  spectral  form  is  (fe- 
f  1  tied  by 


The  function  varies  from  1.0  in  deep  water  to  0.0  when  h  =  0.0  ,  as 

shown  in  Figure  5. 


0  05  10  15  20 


/•'{  W(h/g)’'>  ) 

Figure  5.  The  univi'rs.il  d  i  nir’iis  i  on  I  ess  fiinition  <1>  (solid  curve) 

■> 

and  the  function  ujJ'/2  (dastied  curve)  from  K  i  t  a  i  gords  k  i  i  , 
Krasitskii,  and  Zaslavaskii  (1975) 


When  is  less  than  1.0,  cati  he  approximated  by: 

<t>(w,  )  =  i  wf  (17) 

n  2  h 

and  therefore 

E(f.)  =  I  «gh(2n)'^f'^  f.  >  f  (18) 

.1  -  .1  1  in 

or  the  spectral  shape  changes  t roni  an  f  ’  to  an  f  *  in  the  tail  of  the 
energy  density  spectrum,  and  more  importantly,  becomes  a  function  of  the  water 
depth . 

23.  The  forward  face  of  the  spectrum  is  assumed  to  be  represented  by: 


f.  <  f 
J  m 


(19) 


where  )  is  evaluated  from  the  u».  defined  at  f  Field  and  labora- 

h  h  m 

tory  data  by  Coda  (1974),  Thornton  (1977),  Ou  (1980),  Iwata  (1980),  and  Vincent 
(1981)  support  the  form  given  by  Equation  18.  The  verification  of  Equation  19 
can  be  found  in  Vincent*  and  is  supported  in  Jensen  (1983a). 

24.  The  parametric  representation  of  wave  growth  assumes  a  dynamic 
balance  between  atmospheric  sources  and  transfers  of  energy  resulting  from 
wave-wave  interactions  (Figure  3).  This  parameterization  was  based  on  deep¬ 
water  wave  conditions  (Hasselmann  et  al.  (1976).  During  a  recent  study  it  was 
determined  that  over  moderately  short  fetch  lengths  (10  to  20  n.m.),  this 
deepwater  growth  rate  expression  (Equations  6  and  7)  consistently  underpre¬ 
dicted  the  total  energy  found  in  the  measured  data  (Garcia  and  Jensen  (1983). 
The  only  theoretically  consistent  location  to  add  the  energy  would  be  on  the 

forward  face  of  the  spectrum  (Figure  6).  The  function,  E  ( f  i  h  )TuroDv 

! HhUK I 

saturated  spectrum  based  on  Equations  15  and  19,  and  F.  (  f  ,  h is  the 

Wh  1  lin  1  hU 

spectrum  based  on  E  after  wave  growth.  This  process  also  shifts  f  to  a 
^  o  m 

lower  frequency  which  has  been  noticed  in  field  data  (Vincent**).  As  the 
fetch  length  increases,  the  relative  amount  of  added  energy  decreases,  where 


*  Personal  communication,  C.  L.  Vincent  (1982a),  US  Army  CERC,  Fort  Belvoir, 
Va. 

**  Personal  communication,  C.  L.  Vincent  (1982b),  US  Army  CERC,  Fort  Belvoir, 
Va. 
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eventually  no  additional  energy  is  incorporated  into  the  resulting  spectrum. 

25.  It  has  been  shown  that  the  water  depth  greatly  influences  the  spec¬ 
tral  shape  and  in  so  doing  will  influence  the  maximum  wave  condition.  The 
parametric  formulation  follows  the  work  conducted  by  Vincent  (1981).  The 
depth- 1 imi t ing  maximum  wave  condition  is  given  by 


H  =  4 
m 


I  f 

J  E(f) 


whe  re 


11  =  maximum  wave  condition 

m 


f^  =  lower  frequency  bounding  the  total  energy  (equal  to  0.9  f^) 

E(f)  =  from  Equation  15 

Integrating  Equation  20,  one  obtains  the  absolute  limit  on  the  wave  condition 
at  a  particular  water  depth  where 

u  _  (orgh)'^^ 


26.  In  summary,  the  physical  process  governing  wave  generation  and 
transformations  has  been  theoretically  determined  using  available,  "state-of- 
the-art"  technicpies.  It  must  be  emphasized  that  not  all  shallow-water  trans¬ 
formation  processes  have  (or  can  be)  measured  to  determine  their  relative 
effect  on  the  total  energy,  sfiectral  shape,  and  peak  frequency.  Therefore  the 
development  of  the  SWWM  as  employed  in  this  study  models  the  physics  of  the 
problem  in  a  general  sense  while  maximizing  computational  efficiency. 


Nond  imeii^^onal _ Parameter  Coinpa  r  i  son 


27.  Initial  comparisons  between  gage  data  obtained  at  WG-25 ,  WG-66, 
and  W(;-68  and  hindcast  results  were  consistently  off  both  in  terms  of  H 

mo 

and  r  riu'  .SWWM  o  ve  rp  re<l  i  t  I  ed  the  measured  wave  results  by  a  factor  of  2, 

P 

regardless  of  wind  speeil  or  ili  reel  ion,  for  all  three  gage  locations.  Differ¬ 
ences  in  deepw.iter  and  shallow-water  wave  growth  are  in  the  ratio  between 
the  phase  ,ind  grr)up  speeds  of  each  freipiency  component  of  an  energy  spectrum. 
Although  the  same  amount  of  momentum  is  input  to  the  wave  field  in  shallow 
w.iter,  the  amount  of  energy  along  a  fetch  length  is  only  1/2  of  its  deep¬ 
water  value.  The  wave  heights  are  then  l/>/2  smaller  than  those  predicted 


for  wave  generation  in  deep  water  (Resio  1982).  This  assumes  that  refraction, 
shoreline,  and  energy  loss  mechanisms  are  small.  Therefore  part  of  the  over¬ 
estimate  can  be  attributed  to  the  deepwater  growth  rate  expressions  (Hassel- 
mann  et  al.  1976)  applied  to  finite  water  depth  conditions.  Since  the  model 
employs  parametric  relations  for  the  total  energy  and  peak  frequency  adapted 
1  roll)  deepwater  results  (Hasselmanii  et  al.  1976),  it  was  anticipated  that  these 
relations  were  inappropriate  for  Atchafalaya  Bay.  Figures  3,  4,  and  7  dis- 
play  noridimens  iotia  1  frequency  (f  Phillips  equilibrium  constar^t  (a),  and 
nond  iiiiens  i  ona  1  energy  (E)  plotted  as  a  function  of  nond  imens  iona  1  fetch  length 

■v 

(.X),  respectively  (from  Hasselmanii  et  al.  1976). 


Figure  7.  Noinl  j  mens  i  on.i  I  energy  versus  nondimension.il 
felth  (from  llasselmann  et  .i  I  .  197ol 

28.  As  the  nond  i  mens  i  ona  I  letch  length  iricrf'.ises  (in  Figures  i.  A,  .md 
7)  the  ihit.i  tend  to  diverge  from  the  I  i  t  t  ed  cnrvi's.  This  <livergenc(  is  more 
d  r.im.i  t  i  (  .1  11  y  shown  in  the  me.isiiied  d.it.i  ohl. lined  in  Al  eha  I  .i  1  .lya  Hay.  T'.iking 
on  I V  w.ive  conditions  generated  I  rom  winds  blowing  over  a  finite  feiii  length 
(omitting  winds  I  rom  the  south),  the  idenliral  nond  i  mens  i  on. i  I  par.imeters  vrere 
I  omj>u  I  eil  ,1  ml  plotted  in  a  similar  I  .i  sh  i  on  (Figures  8  ,  ,  .i  nd  1  ('  !  .  Ho  i,  h  ih*  s  se  I  ■ 

III. inn's  p.iraiiietiM  relation  ( Hi  sse  I  iii.i  iin  el  .i  I  .  l')7f))  and  .i  le.isl  siiiiires 
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Figure  8.  Noiid  imeris  i  oiia  1  etiergy  versus  iionii  i  mens  i  otia  1  felcFi 
employing  At  cha  fa  1  aya  Bay  w<ive  liata 

the  Atchafalaya  Bay  data  are  plotted.  The  Atchat.ilaya  Bay  data  (dimens  ii'ii  I  ess 
-v  2 

fetches  X  >  10  )  also  show  the  divergent  trends  evi<lent  in  Masselmann's  data 


for  K  and  F  versus  X  .  The  scatter  foutnl  in  t  lu'  plot  of  u  versus 
m 

(Figure  10)  (alls  within  the  range  estahlislied  by  tlassf'lm.inn  et  al.  1970  (Fig¬ 
ure  4),  although  the  equations  for  the  two  lines  are  slightly  dilterent.  As¬ 
suming  the  measured  data  correct  (total  energy,  [>eak  frequency,  wind  speecl, 
and  fetch  length),  new  relations  for  wave  growth  over  fetch  lengths  and  the 
dependency  of  the  peak  frequency  on  the  fetch  length  are  established.  These 


xe 
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NONDIMENSIONflL  FETCH 


Kij'urc  ') .  Noiiil  i  mens  1  oria  1  t  rojuency  versus  noiul  i  mens  iona  1  fetch 
■  lerivi'il  from  At  rli.i  f  a  I  aya  Bay  wave  dala 

r-.'lat  ions  are  also  ha.wa)  on  t  hf'  yrowlfi  etia  rai'te  r  i  s  I  i  cs  only  over  a  finite  dis 
'ani>  >  iihei  li'iaii  ovr'f  time  aad  infinite  letch.  Ihe  equations  for  the  nondi- 
i.i-iis  I  on.- i  erieijv-’  nd  ir  !i>'reau'y  .is  a  lufictiim  o'  fetch,  emjiloying  the 


.A t  I  li.i  I  a  1  I V  I  ivi\-  d.i  t  a  .  are; 
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NONDIMENSIONRL  FETCH 


I  ■  [’hi  [lips'  p<|u  I  I  i  [)r  i  uin  consl.iiit  v<‘rsiis  iioikI  i  iikmis  i  (Hi.i  I  fcurli 
_ 

•  issnininjj  ,in  t  spi'cLr.)!  sli.ifX’  on  Hi*'  incnsnrcil  At  cli.i  I  a  I  r)  yn  B.w 

i  111  ormal  i  on 

riicrc  IS  s  i  >;iM  f  i  (  .III  I  sr.itlcr  in  t  [n-  il.it.i  .ihovo  .iinl  ho  I  ov,  Llic  ncwlv  l^l■^inel1 
pa  r.iiiic  I  r  I  (  r'ol.ilions  stiown  in  lij^nrcs  8  .irni  h,  (ml  in  giMiot.ii,  I  ho  new  eipi.ilion 
lorias.  'iver  the  .  1  vc  rj  ye  ,  III  I  tie  nie.isnrol  (l.it.i  more  i  ons  i  s  Lent  I  v  III. in  ttie 

H.i  s  s  e  1 111,1  nil  el  .1  I  ,  (I'J/o)  loriiis.  riiese  new  p.i  r.iiiie  I  r  i  <  rel.it  ions  .ire  iise't  in 

the  SWVv‘1  ;  .ill  ether  me  i  h,i  1 1  i  sms  .tinl  solnlioii  l<-elini<pie  ri'm.i  i  ne<l  the  same. 

f'rom  the  results  xiveii  in  the  .ihove  d  i  si.  nss  i  on  ,  we  (  i  ml  the  nomi  i - 

iiiensional  pe.ik  freipienry  (  ,  iionilimension.il  lot.il  energy  K  ,  ami  the 

I'h  i  1  I  1  ps  eipi  1  1  ihrinm  eon.st.int 


(/  to  lie  I  el  t  li-ileiiemlent  . 


The  hes I  i  n  rve  I i I 


hii  Itipsf  v.i  1' ]  all  I  t's  with  resid'd  to  t  ho  iionil  i/iuiis  i  on.i  1  fotih  X 


y  y-o.z^ 

i  «  X 

III 


K  ^  A 


I'or  a  so  1  t  -  s  i  in  i  1  a  r  Sfiootruiii  K  «  lyt 


,  a  Of  o  rh  ;  ii>;  i  y  ,  I  lit-  iflaLion  hetwi'.-ii 


(  .  K  ,  ami  a  can  bo  const  iiioLod  ani  t  ho  fxiKinf'UH  ri  .  n.,  ,  and  n  ii 

ill  '  (  K  O' 

-W  -A 

t  iio  ntiwor  laws  tor  f  ,  E  ,  amt  o'  slioiild  satislv  t  tu-  tollowine  relations: 

m 


'411  -  n  +  II.,  -  0 

t  O'  K 


Hero,  II,  -  -0.24  ,  n  =  -0.3b  ,  arnt  n„  =  0.6  7  tor  tire  present  field  d.ita 
f  O  h  ^ 

results.  Substituting  these  values  into  ttie  above  relation  yields; 


4(-0.24)  -  (-0.35)  't  0.67  '-  0.0b 


The-  resulting  value  of  0.06  lies  well  within  error  bands  estimated  from  the 
inilividual  error  band  of  each  curve-fitted  exi>onent.  It  is  reassuring  to  find 
that  the  Atchatalaya  Bay  w-ave  infoniitit  ion  thi-  new  t  etc  !i-dependent  rela¬ 

tions  retain  the  notion  that  the  spectrum  follows  the  se  I  f  -  s  i  ni  i  1  a  r  trends 
established  in  llasselmann  et  al.  (.1976). 

-A 

30.  hipiations  22  and  23  can  be  combined  to  yield  a  solution  to  K  as 

-A 

.1  tiinction  of  f^^  .  Ihis  relation  will  now  b(-  independent  of  letch  length, 
ind  only  externally  relate<1  to  the  wind  speed,  given  by: 

-A  -6'''-2.79 

h=4.l9>IOf  (271 

III 


riie  me.isured  results  are  nond  i  mens  i  ona  1  i  zed  and  plotted  in  Figure  11.  In  sim¬ 
plistic  terms,  Ki|ualion  24  tulfills  stability  rf-ijii  i  r«-men  t  s  on  the  wave  form, 

-A 

since  the  wave  height  can  be  related  to  F.  ,  ami  the  wave  period  can  be  re- 

-A 

l.ileil  ti/  1  .  .Along  with  F, ((nation  27,  the  Hasselmann  t-l  al.  (1976)  ami 

III 

Kmiwles  (1982)  e(|ualional  forms  .ire  plott(*d.  The  latter  study  confines  its 
w.ive  measurement  progr.im  to  finite  depth  conditions  (.approximately  6  ft)  in  i 

■\.  A  A 

I'f's  t  r  I  c  t  ('ll  -  f  e  t  ch  estuary.  Although  Knowles  found  th.it  h  versus  X  .imi  f 

A  "y 

versus  .X  would  not  coim  ide  with  Masse  1  inann '  s  dei-pw.itet  rt-sults,  the  F. 

versus  f  results  compared  sat  i  s  f  act  or  i  1  v  .  From  Figure  11,  (uu-  finds  th.it 
m 

the  llasselmann  et  al.  (1976)  viirve  appears  to  be  ,in  upper  limit  to  the 
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NONDIMENSIONAL  FREQUENCY 

{•’igiire  11.  Atc'h.ifalaya  Bay  wave  data  represented  hy  nond  i  mens  i  ona  1  eru'rgy 

versus  frequency 

Atrhafalaya  Bay  wave  results,  whereas  the  Knowles  (1982)  curve  passes  more 

closely  through  the  measured  results.  As  expected,  Kcpiatiori  27  plots  through 

"V  "V 

the  midrange  of  the  results  because  f  .and  E  relations  were  derived  t  rom 

m 

the  method  of  least  squares.  The  curves  show  lh.it  the  At  ch.i  f  a  1  ay.i  Bay  rt'sults 
follow  deepwater  "steepness''  (the  ratio  o)  height  to  wave  period  .sqiiari'd)  con¬ 
ditions,  because  the  slopes  are  nearly  parallel;  but  t  be  m.ignitudes  in  the 
steepnesses  are  much  smaller.  For  <*xaniple,  considi'r  .i  wind  speed  ol  10  knots 

(17  ft/sec)  and  a  peak  f  reipiency  of  0.286  Hz  (T  =  3 .  S  sec),  the  At  ch.i  f  a  1  <iya 


Bay  curve  will  result  in  a  characteristic  wave  height  of  1.03  ft  whereas  the 
Hasselmann  curve  will  yield  a  height  of  1.93  ft.  This  supports  the  earlier 
findings  that  because  of  the  physical  constraints  to  the  Atchafalaya  Bay  wave 
environment,  employing  Hasselmann  et  al.  (1976)  nondimensional  formulations  of 
E  and  f^  will  result  in  a  large  error  in  the  computed  wave  conditions. 

This  is  not  to  say  Hasselmann  et  al.  (1976)  are  incorrect  but  proves  that 
any  variation  in  the  environment  will  warrant  a  careful  study  of  the  wave 
mechanisms . 

31.  One  can  continue  the  analysis  one  step  further  by  relating  the  non- 
dimensional  energy  based  on  measured  results  (E^^)  to  computed  results  (Ej-) 
derived  from  the  new  growth  rate  relation  found  in  Equation  22.  The  nondimen¬ 
sional  energy  based  on  measured  results  is  given  by: 


4 

10 


(28) 


where 


E|^  =  total  measured  energy 
g  =  gravitational  acceleration 


10 


wind  speed  measured  at  a  33  ft  (10  m)  elevation  above  the  water 
surface 


Figure  12  shows  the  distribution,  based  on  H  results  greater  than  1.0  ft. 

mo 

'V  "N# 

There  is  a  great  deal  (.)f  scatter  above  aiul  below  the  line  where  E„  =  E„  ’ 

M  0 

establishing  that  over  an  average  the  new  growth  rate  curve  will  both  over- 
and  underestimate'  a  resulting  total  energy  and  not  be  consistently  biased 
toward  one  direction. 


Test  on  Assum^ition  of  Local  Wave  Generation  Only 

32.  One  major  assumption  governing  the  hin<icast  portion  of  this  study 
IS  that  Wave  conditions  tOiind  within  Atchafalaya  K.iy  are*  primarily  generated 
within  the  region  (i.e.,  little  eni-rgy  is  propagate'il  into  the  bay  from  the 
(ill  I  I  ol  M(’x  i  (  o )  .  Ihri'e  storm  eve'uts  oieurred  during  the  wave  mea  s  u  re'iiient  pro 
g  I  .im  where  sonlhi  riy  winds  (winds  blowing  from  the  south)  ociiirred  lor  at 
least  I  d-day  pei  i.nl  (if  t  line.  These  v^ave  records  wc're  compared  to  determine 
the  level  of  energy  prop.igated  into  At  clia  f  .i  1  ay.i  ICiy. 
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^.i  \  f  .  1  ■  I  I  I  ■  i  II  III  !  >  .1  \  I'  I  -  .  I  il  V.  I;  1  i  'i  .  ;.iiij  1  ' )  111  ■  1 1  t  til-  i^.iiiic  order'  <■  f 

Will'  1  .  It:  I '  • ,  I  I  :  V  '  •  t  I  I  '  I  U  .  -  (iK  1  fi  I  ■  i‘<l  111  I.  -ui  M‘  til.'  w.i  I  e  I'  lit  •  p  t  h  s  (u’ t.  ween  1  tie 
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line  ■  ,  I.  '  1  t  tl  .  t  1  'll  I  I  -  pe  iK  -  I  .1  t  ed  waves,  I  1 1 .1  1  U  t  e  r  1  Z  e  d  liy  W'.l  Ve  pt'  r  1  nds 

j:  lei  !  ti.Mi  .1  PI '  I  '  ■  :<  I  iii.i  r  •  1  V  '1 .  e  s’-v  ,  e.xi.  ei'd  I  "i,  a  I  w.ive  peiie  ra  I  1  on  ,  li.ised  on 

,i'e  ,1,  1  <  1  IlHir:  eliel  .p,  (,.•11..'  .11  -M  e||,  ,-j.v  delM-ltV  S  p  f  1.  I  I  1 1  111  .  A  .s  Itie  wave  period 

iMi  II  M.es  .'I-,  i  .111,  .1 :  ...I, -I,'.,  lie-  iieridd  eslim.ites  .it  W'(i-t,6  reiii.i  i  n  at  approx- 

,  1,1,1 1  e  i  V  _  .  .  e  •  .  j M  j  ■ .  I  L  We  ■  i e (  1 1  r  r e lu  <' s  .  Dll  r  I  up  I  il  i  s  jie  r  1 1 )d  o  t  time,  Ltie 

■;  I  r  V  I  ,  1  s '  I  ill  w  ■  - 1  d  1  1 1  U ( ,  -  f  .t>  .  s  .pi  i  I  e  s  ii t) s  t  a  n  t  i  ,i  I  .  An  eiie  r^v  s  i  ii  “  ms  t 


'  <  1  '  ' 

1  :  cl  Wf' 

i;  l  he 

;  V, 

1 

■  1  1 1  1  oils  t  tl  1 1  ri’diK  «■  s 

long-] 

period  wave  energy 

vh  ,  i  . 

'  :  »c  1  ill  ' 

1  1  O.s 

1  ho, 

1 

w.ives  to  reiii.i  1  11  mu  h 

.iiiged 

in  a  near  uniform 

I  1  s  II  .  ,  ,  i  11  I  '  .  ,  iin; , .1  I  I  ell  I,  I'pi  s I  s  I  I'.i  t  \  e  ry  i  i  1  I  I  e  1  ori^-pe  r  i  od  wave  energy 

le  r  I :  I  I  ■  ,>11  oil  I  I  - p.  Ill  I  1 1 ,  ■■!  w  ,1  ves  1 1  e.ipati  I  e  of  rt*i  .1  i  11  i  ng  a  significant  energy 

1  I",'.  1  w  I  l  fi  1  I,  '•  l  I  I  I  (  .1  I  ,1  \  I  h.iy  . 

y<  .  I'e  se.  er  ,|  ,  t  (  I  III  i.'^iorii.  Hr  in  tiii.s  i  tivt>s  t  i  ga  t  i  on  took  place  on 

.  I-.  1  l,ii  '  ei,,'ie  I  !osi  wtieie  wi'id  Speed;.  Mid  directions  remained  nearly  constant 

■  I  tie  dm  ii  le'i  et  tlie  '.tol  l,  'wind  spiMsis  were  on  the  average  approximately 
• SI.  !.s  i:,,l  i !;  ■  ,!ii.eti..ii  le'a. lined  near  1  HO  deg  lligiire  I'll.  Comparisons  be- 
'•■.eeii  UC-'.i,  .Mid  U.e-M/i,  I. -Mitts,  III  terms  of  II  and  T  ,  are  shown  in  Fig- 

llle  p 

lie  |i,.  '  ,'ie  tiiri'-nisi  rv  et  H  l.it.i  retleit.s  ne.irly  identic, il  wave  vari.i- 

•lle 

Il  I'.itteins  .it  "etp  g.ipe  1  ■  u  .i  t  1  eii .,  ,  exie)>t  liiil  llie  wave  h(“ighls  at  WG-66 
lie  s  I  gii  1  I  1 1  ,Mi  l  I  y  d  1  II  i  n  I  s  tied  in  i  .  iiiip.i  r  i  son  with  Vv’C-OR  .  It  is  interesting  to 
lote  tti.it  t  tie  iii.ix  I  i.iiiiii  w,!\e  tieighls  el. served  it  Wfi-bH  are  between  1  25  to 
I  )  I  '  I  I  tl  the  wind  speed  ■  1 1  12  t  e  25  knots  found  in  the  Gulf  of  Mexico 

Met  I  til  letili  lengtli  ,il  .ipp  1  SI'S  I  m.i  t  e  I  y  200  km,  it  was  expected  that  maximum 

I  1  end  I  I  lens  w.iiil.l  he  null  il  I  irgei  thin  t  liose  oliserved.  It  appe.irs  that 

111,  I 

.eiiie  l.n.il  pti'.s  I  e.i  1  ,  ell  s  r  I  .1  1 II  t  .soiitti  it  Wti-ti8  IS  m  1 11 1  111  t  /  I II  g  tfip  wave  climate 
i!  'll. 11  le,  ill  III,  t',,rl;oiis  I  t  lie  i'|i|  .Snell  Keet  iii.iy  luive  migrated  south  of 
,  •  .  p  1  ■  I  ■  1 .  ;i,  ■  '  I  .  : I  •  ,i  -  M'dh.i  I  ;  ■  t  i  in  iii.i  v  i>e  p  ,  .-sen  t  s lictl  I  tl.l  t  all  mea - 

util  d.ii  .  ii-iir-,!  till-  dep  i  I  -  1  I  m  i  I  ed  w.ive  I'lini.ite.  tile  data  ine.isnred  at  W(i-68 

M\-  I  tie  I  n  I  p, .,, !  Il !  ,  ki  'I  w.ive  en.-igv  .ind  re  -  I  u  ri.i.i  I  I  on  r.ilher  tli.iii  the  total 

•I: .  ■  r  ,  Il  ■  r  ;  I  ;  t  I  ,  ,’.I  >  .  1  \  e  g,  -  lie  r  .i  1  i  i  ii  in  t  lie  till  I  I  of  Mex  I  Ce  .  All  .1  I  I  o  ma  t  e  ex“ 

I  I  .  Ml  .1 1  I  ,  n  t  I  !  e  I  •  d  I  I  !  e  rein  MS  III  w.i  '.'e  height  ,i  nd  period  e  s  t  i  m,j  t  es  found  at 

vti  -  (jS  .Mid  Wl  I  -  f  ,1,  I  .  d  1  s  I  1 1  s  s  ed  he  1  ow  . 


measurement  program  in  Itie  tinit  of  Mexico,  tfial  the  wave  attenuation  can  he 

large.  Tfie  degree  of  attenuation  wa.s  strongly  lel.iled  to  a  deepwater  wave 

amplitude  and  the  rate  of  eiuMgv  loss  i.iused  hv  wave-soft  hottom  interactions 

follows  a  reasonahly  I'onsistent  p.ittern.  Although  their  wave  characteristics 

and  water  di'pths  are  greater  than  I  host'  l<'nnd  in  the  Atchalalaya  Bay  area,  the 

2.  2 

nond  i  mens  1  ona  I  wmvi*  height  and  water  depth  (H/gT  ami  h/gT  )  are  both  con¬ 
sistent.  Therefore  the  prticesses  causing  extreme  enc*rgy  losses  in  both  data 
sets  can  be  identifieii.  figure  17  displays  the  com]>uteil  spectra  for  W(l-68, 
WG-25,  and  WG-hb  tor  a  particular  time  .during  a  southerly  wind-producing  storm. 
.All  three  spectra  show  the  peak  spectral  density  occurring  near  0.13  Hz.  What 
must  he  noted  is  that  at  the  hay  entrance  (WG-68)  the  long-period  waves  domi¬ 
nate  the  system.  As  the  spectra  propagate  into  the  bay,  the  overall  spectral 
shape  rc'mains  intact  hut  loses  a  large  amount  of  energy  (80  percent  loss  at 
WG-25  and  00  percent  loss  at  WG-66).  This  loss  can  only  he  explained  by  the 
absorption  of  energy  from  the  wave  system  into  the  sea  floor.  Energy  losses 
associated  with  bottom  friction  effects  are  nonlinear  (Collins  1972).  Because 
of  the  nonlinearities,  the  effect  of  this  mechanism  would  transform  the  spec¬ 
trum  into  a  new  shape,  shifting  the  peak  frequency  to  a  higher  value.  As 
shown  in  Figure  17,  the  spectral  shape  for  all  three  locations  remains  vir¬ 
tually  unchanged,  suggesting  a  mechanism  that  can  be  functionally  related  by 
an  exponential  decay  (Hsiao  1978). 

37.  Hence,  long-period  wave  conditions  once  generated  in  the  Gulf  of 
Mexico  will  not  sustain  their  energy  level  in  Atchafalaya  Bay.  One  may  also 
conclude  that  the  reasons  for  a  paucity  of  large  wave  conditions  (3  to  6  ft) 
within  the  bay  can  be  caused  by  this  mechanism. 

18.  The  final  storm  (Storm  C)  oicurred  from  2-4  January  1982  (Figure  18) 
and  produced  wind  speeils  ot  ,ipp  rox  i  ma  t  e  I  y  10  knots.  The  wind  direction  slowly 
changed  from  100  deg  to  approximately  230  deg  over  the  2-day  period.  Compari¬ 
son  of  the  H  ri’snlts  obt.iined  from  WG-bb  and  WG-f)8  (Figure  19)  again  demon- 
mo 

strates  that  the  wave  climate  is  nearly  uniform  within  the  bay.  The  H^^^^  con¬ 
ditions  are  slightly  higher  at  WG-b8,  but  throughout  the  storm  both  gage  re¬ 
sults  show  very  similar  trends. 

39.  Although  the  wind  direction  tor  Storm  C  is  from  the  southeast 
through  the  south,  the  effect  of  Gu I t -gene ra t ed  waves  found  at  WG-b8  is  sig¬ 
nificantly  diminished  when  coinjiared  with  the  two  previous  storms.  This  storm 
sequence  points  out  that  not  all  southerly  win<ls  produce  long-period  waves  at 


JANUARY  1982 


Fi«iir('  1‘^.  W.ivc-ticiKhl  .m<l  |'<-rio<l  comp.)  r  i  sdtis 
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the  t  Wo -1)1,1111  i  .1 1  I  ill  ,  I  fii:  is  I'liii.iilv  wci^liLfi  u;  terms  ut  t  tie  rel.itive 

.11110 111! t  111  oriv  1  xs'  . 

4v)  .  Ill  siiniiiiiry,  iti'-  l.it.i  p  resi-ii  L  oil  sIp'W  Hi.il  wsves  jtf'iK' ra  I  piI  in  the  Gulf 
01  'lex  i  i  o  exist  ,it  tfic  >‘'iliaiiic  to  At  1  ha  t  a  I  ay.'  B.iw.  tint  arc  liiiiitt<i  in  the  iiiim- 
lici  ol  1 11.  I  i  w  1  ci;  1  cs  and  in  the  .iiiioimt  ot  ciicik'.'  they  coiitai;i.  Kven  if  the 

'.'iicr>ty  y.  ropayi  t  •■s  into  tIp'  Pay,  tlic  w.i\c  r  fi.i  i  .1 1  I  c  r  i  s  t  1 1  s  trarisKinii  into  atiotfier 
.spei  t  I  .1  '  f.iriii  where  only  .1  siii.i  I  i  .niioiuii  nl  eiier'ttv  is  present  at  I  fie  lower  f  re- 
tlijerit  .ppI  the  m.ijoiity  is  I  .'‘iiii,l  .it  I  re.iiieno  i  es  .1  ssot  1  .1  L  eci  Wi  i  t  li  locally  geri- 
i-rati'il  I  011(1  i  t  1  ons  ,  riieietore  iIp-  .1  s  s  iiniii  t  i  (  ii  1  th.it  .At  r  iia  f  .i  1  <iy.i  Bay  is  eiit  off 
from  t  fie  Giilt  ot  '■lex  I  I  o  .111(1  waive  ooiidit  ii.ins  loiiipi  111  tfie  liav  .ire  geiieraterf  in 
tfie  i(-c,il  .ire.i  i  .s  ve  r  1  1  ■  .1  h  I  •  ■ .  I•’.•lller  tfi.iii  iiit  tip  hiv  off  .it  Point  An  Fer 
Stiell  feet,  tfie  "  t  (.•  1 1.  f  ■  -  1  i  m  1  t  .1 1  i  oii  -  I  1  lie"  is  dr.iwii  .it  tfie  12-ft  contour  outsiiie 
the  h.iy  (liitiire  I)  to  represent  w.ive  1  oii.f  1  t  i  oils  from  tfie  soiitfi  more  realisti- 
r  .1 1  !  y  .  i  til'  leliti  1  1  ill  I  t  .1 1  i  on  within  tin-  e.isterii  t'.iy  w.is  .also  assumerl  due  to  the 
comp  1  1  r’.i  t  ei!  ilelt.i  .iipI  >lrei|geii  in.iteri.il  .issor  i.iteii  witfi  the  river  channel. 

have  II I  iidc.i.s  t  Model  V'erifiralion 

41.  Ve  r  i  t  1  r  .1 1  i  on  ot  the  wave  liindcast  model  is  an  important  facet  of 
the  hiiidc.ist  study.  .As  previously  discussed,  .ad  j  nstmr'nts  in  the  growth  rate 
relations  .iccording  to  Atchafalaya  Bay  wave  eonditions  were  necessary  to  better 
approximate  the  gage  results.  Thost*  erptational  forms  fulfilled  the  self¬ 
similar  spectral  trends  established  by  Hasselmaim  et  al.  (1976).  All  the 
parameters  and  erpiational  frirms  were  generated  on  an  individual  basis  (i.e., 
the  total  energy  as  a  function  of  fetcfi  length,  Ihe  peak  spectral  frequency  as 
.1  function  of  fetch  length,  aiul  the  Phillips  erju  i  1  i  hr  i  nm  constant  as  a  func¬ 
tion  of  fetch  length).  The  verifiration  le.st  is  to  incorporate  the  newly  es- 
t.rhlished  growth  rate  fonmilations  in  the  w.ive  model  and  perform  comparisons 
between  prototype  and  hindrast  w.rve  estimates.  Thr'se  comparisons  then  would 
ve  r  i  f  y  ; 

a.  It  the  w  i  ipi  direct  ion  .iml  speed  .i  re  uniform  over  .At  ch.i  f  a  1  aya 

B.iv  , 

h.  II  tfie  gt.n.ih  r.ite  e  xp  re  s  s  n  ill  s  .iipl  the  t  ra  ns  f  o  rm.i  t  i  on  mec  li.irn  sms 
i  IK  i>  I  po  I  a  t  ed  III  the  .ShVM  goner. lie  i  onip.i  rah  1  e  w.ive  est  im.iles  tor 
the  ti.'iee  g.lge  ioc.il  jim;,. 


The  over. ill  v.i  I  i  d  1  t  y  ot  .iff  siitisei|ueii  I  w.ive  tiiiidi.isl  estimates 
gener.it  ed  hv  tfie  ShVM  in  .At  1  h.i  I  .1  I  .1  v.i  B.i\. 


42.  The  procedures  iisei)  to  verify  t  fie  model  ;ire  as  follows.  For  eaeti 
set  of  wave  gage  results,  tfie  wiiul  information  is  used  precisely  as  that  in 
tfie  hindcast  portion  of  this  study  following  the  techni<pies  described  tiy 
Kesn)  anti  Vincent  (l‘i7f)l.  The  wind  tlala  are  useti  to  generate  a  time-varying 
wind  field  to  drive  the  wavi*  model  .  Tfie  coiiiputeti  w.ive  characteristics  M 

mo 

ami  and  spectra  K(f)  are  tfien  plotteti  against  the  gage*  ('stimatc>s  and 

t  ' iiiipa  re<l  a  cco  rd  i  ng  1  y  . 

4i.  The  goal  of  the-  himlcast  model  de vc>  1  <jpiii<*n t  portion  i.i  1  this  study 
v%as  to  1  nc  II 1  [lo  r  a  t  e  ill  theoretically  soiiiul  t  rans  fo  rma  t  i  on  iiu'c  tian  i  sms  into  the 
SU'\v^!  .ind  util  i /.e  ,is  much  wave*  g.ige  information  to  aiijust  growth  rate  seejuences 
I  omp.i  I  1  li  I  e  w  1  t  fi  tfie  .At  c  fia  t  a  I  aya  Bay  .i  rea  .  In  tfie  cuid,  all  ecu- f  f  i  c  i  c'nt  s  were 
lie, lied  ,is  (1  rees  t  .it)  1  1  sfied  ctiustaiits  ami  were  never  charigeil  from  site  Lo  site, 
rile  I  '  iinp.i  r  1  s  ons  shown  tic-re  do  not  rc'prc-scuit  .ittempts  at  calitirating  or  adjust¬ 
ing  the  model  lint  seive  as  ,i  vc' r  i  f  i  c  a  t  i  on  of  the'  wave'  growtfi  and  transforma¬ 
tion  processes  estalilished  in  tfie  frame-work  of  tilt*  wave  model. 

44.  Simple  yet  descripLivt*  technupii'S  art*  used  for  tfie  comparisons 
(i.e.,  t  imc'-tu  story  plots,  cross  plots,  and  percent  occurrence  plots).  The 
last  of  tfiese  types  of  comparisons  is  profiafily  t  ht-  most  indicative  of  the 
.ifiility  of  tfie  hindc.ist  wave  estimates  to  reprc'.sent  a  wave  climate  accurately. 
The  himlcast  w.ivt*  results  are  |)a  i  rc'd  according  ter  the  gage  observation.  These 
p.i  1  red  est  im.ite  tecfiniipies  are  list'd  to  describe  I  lie  random  t*rror  in  the  hind- 
cast  model  .  however,  much  ot  the  ramlom  error  in  these  computat  icins  is  attrifi 
iite.l  to  shifts  in  lime  he’tween  the  wave  himlcast  .iiid  observed  wave  information 
Noitherly  w.ive  condition  comparisons 

4a.  l  ive  storm  comlitions  were  selected  tor  the  vitrification  of  tfie 
.SWU*^!  file  predominant  wind  ilirections  lor  .ill  five  storms  were  from  the*  nirth 
fhe  wind  Conditions  were  generateif  by  .iveraging  the  wind  spei'd  and  direction 
1  II  (  o  rm.i  t  I  on  (three  2(J-min  .iver.iges  every  hour)  over  a  f-lir  duration.  Thc'se 
dill  ,iro  given  in  ,Ap(iemlix  .A,  .ilmig  with  .ill  <  oiiiji.i  r  i  son  s  of  me.isiired  and  tiiml- 
1  .1 I  II  .1  ml  I  r  I ■  s  11  I  I  s  . 

Illo  p 

~'tti  .  1  he  I  1  r  s  t  s  t  o  1  III  o t  I  11  r  r ed  I  i  < >m  '1-12  Novemlu-  r  I  'I H  1  .  U  i  mi  s  pc't' d s  wi*  re 

oil  the  .1  ve  I .)  ge  ,  Id  knots  (with  i  iii.i  x  i  mum  of  I  'I  ,  2  knots)  .i  ml  the  cl  i  re  c  l  i  on  re- 
m.iiuecl  tdO  deg  from  (i  deg,  norlli  .i/.imutli.  .All  three  g.ige  records  c'xhihilc'd 
the  s.ime  trends  cliii  iiig  the  storm  period  (figuies  .-V  1 -A  i  )  .ind  m.iximiim  If  iciii- 

cfitiom  ,  approximately  '  .  0  to  l.S  ft,  occurred  on  10  Novi-niher  at  0000  to 
0  fOO  hours.  A  niimher  of  d.it.i  points  .ire  missing  in  the  mi'.isiired  If  .ind  1 


results  .  The  estimates  for  tfu'se  partiiiilar  times  (for  example,  l-i>;ure  A), 

10  November  1981  .it  1200  tiuiirs)  .ire  as  previously  (FAKl  II)  .is  "b.el 

il.il.i.’’  Ttie  liiiiifrast  results  compare  favor.ifily  w  i  t  ti  the  ine.i  s  u  red  dat.i  tor  .ill 

threr'  lor.it  ions.  The're  is  a  slisjfit  ove  rpred  i  c  t  i  on  of  t  fie  tiiiidr.ist  tl  wtieri 

mo 

the  (omputed  T  is  greatr'r  tfiaii  tfie  me.isiired  t'stimates.  The  efteits  of  the 
w.iler  deplti  in  wtiirh  tfie  gages  are  [ilared  s  i  giii  t  i  r  ,ui  i  |  y  rediu  e  the  .imoiint  of 
energy  in  tfie  h  i  gti  f  retpietiry  end  of  the  spectrum.  Tins  effc'ct  is  aniplilied 
tor  wave  c'stim.ites  at  WG-66.  As  riient  i  oiu-if  in  P.AK'r  II,  f  rec“- s  u  r  t  i  re  spectra 
were  h.ised  on  tfie  estimate  of  tfie  v. iri.it  ion  in  the-  dynamic  pressure  of  tfie 
water  column  measured  hy  eacti  gage.  Ttic-re  is  a  tfieoretical  limit  (haseif  on 
linear  wave  tfienry,  .Sfiore  Protection  Manual,  ( IhS.ACKRC  1 9  7  )  )  where  tfie  g.ige 
will  no  longer  "feel"  tfie  presc^nce  of  certain  f reijuency  waves  hec.iiise  of  the 
wati'r  depth.  Figure  21  displays  tfiat  relation,  wTierc'  freijuencies  grt'.iter  tfian 
0.46  Hz  cannot  fie  resolved  at  WG-66.  The  other  two  wave  gages  .ire  not  con¬ 
strained;  WG-68  is  located  at  lO-ft  depth  and  WG-25  is  locateil  at  9.8-ft  deptli 
When  the  majority  of  the  energy  density  falls  within  this  range,  which  is  very 
often  for  Atchafalaya  Bay,  the  loss  in  the  total  energy  and  tlius  tfie  11^^^  re¬ 
sults  will  be  significant.  Therefore  it  is  expected  that  the  hindcast  results 
should  consistently  overpredict  wave  conditions  at  WG-66.  Realizing  that  llie 
total  energy  derived  from  the  measured  pressure  record  will  not  reflect  con¬ 
ditions  from  all  frequencies,  the  differences  between  the  two  results  (hind- 
cast  and  measured)  are  not  as  great  as  those  shown  in  the  time-history  plots. 

47.  As  previously  mentioned,  when  the  hindcast  peak  spectral  wave  pe¬ 
riod  is  greater  than  the  measured  results,  the  hindcast  H  results  will 

mo 

also  be  ove rp red i c t i ve .  The  overprediction  follows  from  Equation  27  and  can 

be  explained  s i mp 1 i s t i ca 1 1 y  by  Figure  22.  Since  the  upper  end  of  an  energy 

density  spectrum  is  limited  to  0.5  Hz  in  the  wave  model,  tfiere  are  only  two 

cfioices  for  f  when  f  =  0.5  Hz,  either  0.5  Hz  or  sometliing  slightly  less 
m  m 

than  0.5  Hz.  If  the  hindcast  f  is  less  than  the  measured  results  as  shown 

ro 

in  Figure  22,  tfien  the  hindcast  E(f)  will  carry  slightly  more  energy  as 

shown  bv  the  crosshatched  area.  The  11  derived  from  tfie  hindcast  informa- 

mo 

tion  will  f)('  greater  tfian  the  miMsured  results.  Limiting  the  fiigfi  f  requenicy 

end  of  tfie  fiindcast  spectrum  also  places  a  restriition  on  tin-  II  results, 

ilepf'ndent  on  the  win<lspee<l  11^^  anil  letch  length  tliroiigli  Fipiation  22.  If  tfie 

limit  of  0.5  Hz  on  I  did  not  exist,  the  hindcast  results  would  follow  F.qiia- 

m 

lion  28  for  f  and,  from  F,iiu<ition  27,  tfie  H  results  would  be  diminished. 


MEASURED  SPECTRUM 


FREQUENCY 


Figure  22.  Schematic  representation  of  the  potential  for 
increased  energy  levels  in  the  hindcast  wave  information 

These  computations  are  carried  out  and  presented  in  Table  1.  One  must  note 

that  the  limit  to  T  (where  T  =  f  is  2.0  sec,  and  therefore  all  results 

for  H  values  when  T  <  2.0  sec  will  equal  H  at  T  =  2.0  sec.  Hence, 
mo  p  ^  mo  p 

at  low  wind  speeds,  the  hindcast  results  will  be  greater  than  the  measured  data 
set.  Since  the  gage  cannot  resolve  wave  periods  less  than  2.0  sec,  due  to  the 
sampling  interval  and  water  depth,  there  would  be  no  way  of  knowing  if  the 
hindcast  results  were  accurate  less  than  0.5  Hz.  It  now  appears  that  limiting 
the  hindcast  spectral  frequencies  to  0.5  Hz  (consistent  with  the  measured  re¬ 
sults)  will  systematically  overestimate  the  H  results.  If  an  additional 

mo 

parametric  region  (Figure  22)  was  established  in  the  hindcast  spectrum,  inde¬ 
pendent  of  the  discrete  frequency  bands  and  dependent  on  Equations  23  and  27, 
the  hindcast  results  would  better  approximate  the  wave-height  results  from  the 
prototype  data  set. 

48.  The  second  storm  occurred  during  20-22  November  1981  and  was  charac¬ 
terized  by  wind  speeds  of  approximately  18  knots  and  the  wind  direction  which 
remained  nearly  constant  at  300  deg  for  the  duration  of  the  storm.  The  mea¬ 
sured  data  reflect  the  storm's  intensity  in  two  of  the  three  gage  sites  (Fig¬ 
ures  A4-A6).  It  appears  that  the  wave  climate  at  WG-25  is  governed  by  local¬ 
ized  limiting  coinlitions  (for  this  case),  whereas  at  WG-66  and  WG-68,  maximum 
H  conditions  of  approximately  2.0  ft  existed.  The  hindcast  results  are 


.iK'iin  in  .ij; re(>mt'iit  with  tiic  trends  established  by  the  measured  data  sets,  al- 

Itiongh  at  Wi;-2‘)  the  hiiub.ist  data  tend  to  overestimate  the  H  results  by 

mo 

a pp fox ima te I y  1.0  ft  .  The  ilifferences  may  be  caused  by  the  new  parametric 
tep  resent  a  t  i  ons  )!  the  j'rowth  rate  and  peak  frequency  changes  over  fetch 
lengtlis  defined  at  WG-2S.  An  alternate  cause  could  be  derived  from  the  selec¬ 
tion  of  the  fetch  length  and  water  ilepths  for  the  wind  direction  of  3.10  deg 
lor  WG-2.S.  i'lie  water  <lepths  used  in  the  model  were  taken  from  NOAA  batfty- 
metric  cfi.irts  (ilated  10  7  7).  Th«'  dt'pths  that  now  exist  within  the  bay  may  he 
significantly  different  due  to  the  delta  growth  process  in  the  vicinity  at  Wax 
hake  Outlet  an<J  the  Atchafalaya  River  mouth. 

49.  The  third  storm  lonsidered  in  the  verification  phase  of  the  study 
occurred  during  23-26  December  1981.  The  wind  speed  averaged  around  13  knots 
while  the  wind  direition  remained  nearly  constant  at  45  deg.  The  measured  re¬ 
sults  (Figures  A7-A9)  at  all  three  gage  locations  exhibited  nearly  identical 

trends  (rises  and  falls  of  H  )  which  would  verify  the  assumption  that  wind 

mo 

speed  and  direction  remain  uniform  over  the  Atchafalaya  Bay  region.  The  hind- 
cast  estimates  for  all  three  gage  locations  compare  favorably  with  the  mea¬ 
sured  H  and  T  results.  Differences  between  the  two  estimates  are  shown 
mo  p 

to  be  no  greater  than  ±0.5  ft  for  the  H  results  and  ±0.5  sec  for  the  T 

mo  p 

results.  There  appears  to  be  a  difference  between  the  hindcast  and  gage  re¬ 
sults  in  the  time  of  occurrence  of  the  maximum  H  conditions.  This  differ- 

mo 

ence  is  caused  by  the  method  employed  in  the  SWWM,  i.e.,  wave  propagation  is 
omitted  from  the  model  to  increase  computational  efficiency. 

50.  fhe  largest  II  found  in  all  measured  wave  records  occurred  on 

mo 

31  Decemf)er  1981  at  WG-68 .  The  a  ciompany  i  ng  energy  density  spectra  for  the 
tfiree  gage  ,ind  hiinlc.ast  results  are  comp.ired  in  Figures  23-25.  The  abscissa 
is  nond  iniens  i  ona  1  i  z<-d  with  respect  to  the  peak  spectral  frequency.  This  al¬ 
lows  t'oth  spectra  to  be  a  I  i  gne<1  at  the  maximum  energy  and  comparisons  can  be 
made  to  explore  the  frequency  related  spectral  shape.  The  difference  between 

the  g.ige  .ind  hindcast  peak  frequency  is  3Af  (or  0.0208  Hz)  at  its  maximum. 

2 

13.1  sed  on  st.itistical  analyses,  the  95  percent  X  range  is  shown  in  these 
tiKures,  signifying  the  expecteii  range  of  the  prototype  results.  The  wind 
londitions  for  this  particiil.ir  event  were  .ipproximately  13  knots  blowing  from 
the  northe.ist. 

51.  Local  wave  generation  controls  the  wave  environment  for  this  storm, 
altluuigh  a  slight  amount  of  Gulf-generated  wave  energy  is  visible  in  the 


spectrum  given  for  WG-68.  The  forward  face  is  well  approximated  by  the  hind- 

cast  spectral  shape,  and  the  tail  ^  1.0)  appears  to  be  the  limiting  form 

compared  with  the  prototype  spectra.  The  hindcast  E(f  )  consistently  under- 

m  2 

predicts  the  measured  results  but  remains  within  the  95  percent  x  range. 

.As  f/f  approaches  2.0,  the  measured  results  tend  to  fall  below  the  hindcast 
111 

spectral  shape.  The  water  depth  above  the  gages  acts  like  low-pass  filters, 
not  allowing  th(>  energy  in  the  high  frequency  wave  components  to  be  recorded. 
Also,  the  water  depth  can  limit  the  entire  spectral  shape  (Figure  25).  Re¬ 
sults  tor  Wt;-66  (Incited  in  deept'r  water  conditions  than  WG-25  or  WG-68)  are 
not  .IS  "c'le.iri"  wht'n  compared  with  the  other  gage  spectra.  Evtui  for  short- 
period  wave  c'ond  i  t  i  ons  ,  the  ttieoretical  shape  functions  found  in  the  RWWM  ac- 
ciir.itely  depict  the  measured  results. 

52.  The  final  two  storms  in  t  fi  i  s  series  occurred  liuririg  28-31  December 
I'lHI  i.Storm  4)  and  8-12  .January  1982  (Storm  5).  The  wind  speed  conditions 
wete  on  the  oriler  of  12  knots  with  an  average  wind  direction  of  50  deg,  and 
I  J  knots  with  an  average  wind  direction  of  25  deg  for  Storms  4  and  5,  respec¬ 
tively.  For  the  full  duration  of  the  storms,  the  hindcast  results  (for  all 

three  gage  locations)  iii.itched  the  measured  H  and  T  data  (Figures  AlO- 

mo  p 

•A  1 2  tor  Storm  4  and  Figures  A13-A15  for  Storm  5).  Differences  between  the  two 

dat.i  sets  fdr  botti  II  and  I'  were  cons  i  s  ten  1 1  v  at  ±0.25  ft  and  ±0.5  sec, 

mo  [I 

I espei t i ve 1 y . 

Soiitlierly  w.ivc  lofiditioii  loinp.irisons 

i .  All  (irevioiis  Wave  ( oiiip.i  r  i  sons  were  derived  from  northerly  wind  con- 
■  litions,  l,.ind-water  hoiind.i  r  i  es ,  hence  the  fetch  lengths,  were  clearly  defined 
loi  tficse  conditions.  I'lie  problem  of  a<lequately  describing  a  finite  fetch 
length  tor  w.ives  p  ro[ia  g.i  t  i  n  g  from  t  tie  soiitli  still  exists.  The  assumption  that 

little  energy  wli  i  c  li  originatc-s  t  .i  r  out  into  tlie  Gulf  can  propagate  into  the* 

b.iv  ti.is  been  veil  I  led;  however,  the  possitiility  of  locally  generated  waves 
|iropagating  from  tfie  soiitfi  into  t  lie  liay  must  still  be  iccounted  fcir.  There¬ 
fore,  in  order  to  qii.intity  a  limiting  letch  efistance  south  of  At  c  ti.i  f  a  I  aya  Hay, 
.1  series  of  c  oiiipiit  .1 1  I  ons  using  the  wave  dat.i  wc-re  pc'rformed  to  diHeriiiirie  where' 

.1  t  e  t  c  li  -  I  I  III  I  t  .1 1  i  on  -  1  I  ne  should  tie  p  I  .iced  . 

54.  From  Kqii.itions  22  .ind  23,  ttie  fetcti  lengtii  could  be  coiiipult'd  from 
known  wind  speed  .ind  t  tie  resulting  wave  tieigtit  tor  .ill  the  southerly  w  i  ml  c  cjii- 
diticiiis.  For  e.ic  ti  10-deg  wind  angle  iriterv.il,  the  computed  fetc  ti  lengths  were 
.averaged.  Ttie  .iverage  fetcti  length  then  was  plotted  as  a  function  of  wind 


spee<i  and  (iislance  from  each  of  the  Rage  locations.  .Although  this  technique* 

IS  a  crude  afiprox  ima  t  i  on ,  it  was  found  that  all  compulc'd  letch  Icngth.s  ft*ll 
within  the  12-ft  contour  defined  by  the  ha  t  hyi!ic*t  r  i  c  chart  t'lnployrd  ''outside" 
of  Atchafalaya  Bay.  The  f e t ch- 1 im i t a  I i on- 1 i ne  was  established  ne.ir  the  12-tt 
contour,  which  means  that  wave  c'onditions  propagating  from  the  Gulf  oi  Mexico 
to  Atchafalaya  Bay  would  begin  wave  growth  from  the  12-ft  contour,  rather  than 
in  the  middle*  of  the  Gulf.  Using  this  technicpie,  only  1  ong-pc*  r  i  od ,  low- 
am|)li  tilde  wave  information  would  be  lost.  But  from  the  me.isnrcMl  data,  the 
number  of  occurrences  and  the  intensity  (or  energy  content)  ot  these-  ccmdi- 
tions  did  not  warrant  further  analysis. 

.  Uncier  these  assumptions,  verification  of  soutli(*rly  gi-nerated  wave 
conditions  was  performed.  Five  storms  were  selected  to  verify  the  fetch- 
1 i m i ta t i on- 1 i ne  assumption.  The  initial  storm  (Storm  lA)  occurred  during 
2S-27  Novc'iiiber  1981;  wind  speeds  averaged  around  11  knots  and  the*  wind  direc¬ 
tion  remained  near  130  deg.  The  measured  wave  data  for  all  three  gage  loca¬ 
tions  never  exceeded  1.25  ft  (Figures  B1-B3)  while  the  T^  results  clearly 
showed  a  much  stronger  trend  for  longer  wave  periods.  The  hindcast  re¬ 

sults  show  a  strong  agreement  with  the  measured  results  although  the  results 
for  WG-66  tended  to  diverge  slightly  on  26  November  1981  (Figure  B2).  The 
largest  differences  encountered  are  in  the  T^^  comparisons  where  the  hindcast 
results  ten<l  to  be  around  2.0  sec,  whereas  the  gage  data  results  increased  to 
6.0  to  9.0  sec. 

56.  The  influence  of  Gu 1 f-genera ted  wave  conditions  propagating  into 

the  study  area  is  evident.  In  general,  the  energy  accompanying  these  long- 
period  conditions  is  significantly  lower  (except  for  one  observation  at  WG-68) 
than  that  during  the  most  intense  portion  of  the  storm.  For  nearly  identical 
wind  spe-eds  blowing  from  the  north  (Storm  2,  Figures  AA-A6),  the  results 

are  approximately  a  factor  of  2  greater  than  what  is  observed  during  this  par¬ 
ticular  storm  condition  where  fetch  lengths  are  on  the  order  of  10  to  100  times 
as  great.  Therefore  the  amount  ol  energy  lost  employing  the  SWWM  to  model 
southerly  wave*  conditions  can  be  consiilered  negligible  in  comparison  with  other 
equally  important  storm  londitions. 

57.  The  secoiul  storm  (Storm  2A)  for  southerly  waves  occurred  iluring 

2-5  December  1981.  fhe  wind  intensity  .averaged  arounil  7.5  knots  while  the  di¬ 
rection  was  predominantly  from  2  35  >leg.  The  nu'asured  w.ave  data  (f  igures  BA-Bfi) 
showed  II  results  much  larger  than  in  t  h«*  previous  storm  and  results 
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H  londiLion  ;it  1.73  t  t.  w.is  o()st‘ rvcil  .  llmrip.!  r  i  S'Hi  <>t  the  Llirce  d.iL.j 

sets  shows  that  .is  the  wave  i  dioI  i  t  i  uiis  propa^.ite  into  .At  c;ha  1  a  1  aya  Hay  (from 
WG-68),  most  1  onjt-per  i  od  intnnn.it  ion  (T  ^  b .  O  see)  is  lost  .ind  t  tie  spectra 
are  reformed  into  ttie  higti  fre<pienev  end.  I'tie  liindfasl  il  estim.ites  lend 

IIIU 

to  overestimate  conditions  (ireseril  .it  bolli  Wt;-23  and  WG-bb  (0.3  ft  higti)  but 
at  WG-68,  ttie  differences  in  the  two  data  sets  a  r<‘  negligible.  The  T  hind- 
cast  results  compare  favoratily  at  all  ttiree  gage  sites  e.xcepl  during  long- 
period  wave  activity. 

59.  The  fourth  and  fiflti  storms  occurred  during  1-4  January  1982 
(Storm  4A)  and  5-8  January  1982  (Storm  5A ) .  The  wind  speeds  averaged  approxi¬ 
mately  10  knots  and  7.5  knots  for  Storms  4A  and  5A ,  respectively.  The  wind  di 
rections  generally  remained  constant  at  165  deg  and  170  deg  for  the  two  events 
The  measured  wave  data  followed  the  trends  established  in  the  Itiree  [irevious 

storms  where  the  T  data  insiile  the  bay  ranged  from  2.0  to  .1.0  sec,  while 

P 

the  wave  conditions  outside  the  hay  (WC-68)  oscillated  1 rom  predominantly 

short-  to  long-period  waves  (Figures  B10-H12).  The  H  results  indicate 

mo 

that  for  wind  speeds  less  than  .i”nrox  i  ma  t  e  I  y  10  knots,  there  is  no  ap()reciable 

energy  in  the  area  (Figures  HI)-. <15).  M.iximum  H  occurred  at  WG-68  atui  for 

mo 

the  5-day  period  neyer  exceedtol  1.5  ft.  The  hindc.isl  results  again  comp, ire 

reasonably  well  with  the  measuri'd  d.il.i.  For  low  w.ive  conditions,  the  hindcast 

11  tends  to  overpredict  the  g.ige  results  but  ditlerences  hetweem  the  two 
mo 

sets  seldom  exceed  0.25  ft. 

Percent  occurrence 
and  extreme  comparisons 

60.  Two  .idditional  types  of  comp.irisons  were  m.ide  to  turther  verity  the 
.SWVM  t  echn  i  <pie  -  -  pe  rcen  I  oicnrrenie  .ind  crf'ss  (ilnts.  The  comp.irisori  teihniipies 
were  used  to  describe  the  r'.nidom  error  o|  the  tnndi.isl  model  .  tor  the  ev.ilii.i- 
t  i  on  of  the  hindcast  w.ive  conditions  rel.it  ive  to  w.ivi'  <  lim.ile  rep  resen  t  .i  t  i  oiis  , 
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t'liiphas  1  s  iiHist  Ilf  (ftiliTfil  nil  1  (iii>;  - 1  f  rm  i  oiiipa  r  i  sons  o‘  nit’ans  and  prob.i- 
I'  I  1  1  t  y  d  i  s  t  r  1  1)11 1  1  ai  s  in  wti  i  i  li  tin-  t  i  iin*  tailor  li.i  s  hr  on  rf  ino  Vf  it  .  In  all  s  nhse  - 
ipo'iit  i  oinpa  j  1  Mills  _  ;|i|i  iiimli.isl  v,NaVf  results  were  (la  i  i  ed  affording  L<^  the  gage 

'  hsfivatiof  .'iiiwevei  ,  iinnli  ot  the  pit-siiined  random  error  in  these  foinparisons 
IS  altiihiit  d  t.  siiLht  .hitt.s  helweeii  llie  w.ive  hiiidiasts  and  observed  wave 
r-f )  nil.. 


I  1  I  If  I  .  ,  s  ,1  I  e  r  t  a  1  n  do  >•,  i  .-e  of  nil  i  e  r  I  a  I  n  I  y  a  s  sof  i  a  t  pd  with  the  s  t  a  - 

I' sti,  1  f  p  1  .  .  II  t  ,1 1  1  .  SIS.  o|  t  Ilf  wavf  fliiiiatf  .it  .i  given  lof.ilion.  tint'  must  lie 

a'-aif  Ini'  fSfii  r.ag'  ifsnlls  larinol  iiiii.piely  describe  afliial  wave  conditions 
hiiini,  I  niiplinr  p'  r  i  od  .  it  is  assniiied  th.it  a  sample  period  ol  1,024  sec 
'111  III  1  11  I  f '.'f  ,  \  I  1,1  I  ,s  ,1  iiif  .1  s  II  re  of  the  .i  ve  r.ige  rond  i  t  i  ons  existing  for  that 
pariiiiil.il  I  n  I  f  I  \M  .  .  i  he  i  f  t  o  re  I  lie  use  o  t  I  ong-  t  c'  rni ,  continuous  (defined  here 
as  ,1  const, lilt  niitiibfi  ot  obse  rv.i  t  i  oiis  per  d.iy  over  .i  prolonged  period  of  time) 

H  and  i  results  will  oflsel  the  i  lie  ons  i  s  tency  in  the  actual  and  measured 

IIIO  p  •' 

■v.ivf  t  ond  1  '  ',  ons  . 


ioi  each  iMue  site,  |  l.e  peri  fill  offurrence  for  11  and  T  is 

mo  p 


loiiipaifd.  ihe  p,i  i  re  d  results  ire  sep.ir.ited  into  H  intervals  of  0.25  ft 

mo 


■  lud  I'  i  n  1  nterva  Is  ot  d  ,  5  s 
P 


ihese  plots  are  generated  for  comparison 
purposes  only  <ind  should  not  t>e  <onstrue<l  as  the  representative  wave  climate 
expected  for  each  specified  lix.ition. 


t'3.  Figure  26  displays  the  percent  occurretice  of  H  and  T  condi- 

mo  p 

tions  for  WG-()8,  located  south  ot  .Atchafalaya  Bay.  There  are  large  differences 


in  the  two  results  fo 


H  Conditions  between  0.25  to  1.0  ft,  whereas  the 
mo 
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coinlit  iiuis  loiiiid  south  ol  .At  <  h.i  t  .i  1  ,iy,i  B.iy  ,i  re  produced  iii  the  Gulf  ot  Mexico, 
ihe  relat  i  ve  eiieimy  .i  s  si  ir  i  .a  t  e'l  with  these  long-period  waives  typically  amounts 


to  2^')  pcrct'iil  uf  t.  tu“  lot..)l  (Micrxy  fiuirnl  in  (.lit'  spct' I  ruin  ( fxt  1  iid  i  ng  Itie  <‘Xt  rcint’ 

i.ise  siiuwn  in  Figuru  17).  'I'lic  hiiutc.ist  I'csull.s  b.isuH  lui  I  lie  t  e  I  eli  -  I  i  in  i  I  ,i  t  i  eii - 

line  (Figure  1  .ind  Kqu.it  ioii  22)  spr'e.iil  the  uiule  res  t  i  in.i  t  e  in  1  oiig-jie  r  i  imI  w.ive 

1 011(1 1  t  1  nils  over  the  entire  .1  i  s  t  r  i  hut  i  nn  .  Dnee  the  Iniig-perind  waves  entt'r 

.At  elm  I  .1  i  uya  Bay,  the  energy  is  ahsorhed  hy  the  hnttniii,  ,is  wil  1  he  seen  in  snt>- 

seipient  Figures  (.iiid  shown  in  I’AK'I'  II). 

fih  .  TFie  pt'reent  oceurrem  e  oF  II  and  T  lor  WG-2S  is  displ.ayeii  in 

nio  p 

t’lgiire  2/.  tlru'f'  inside  .At  cha  I  a  1  ,aya  M.ay,  the  percent  nccurrencf'  ol  Giill- 

giMier.ited  w.ives  siihsl.intial  ly  de(  re.ises  (  I  mm  2(>  percent  at  WG-68  to  7  [lerceiit 

.it  WG-2‘')  )  .  The  hindc.ist  (I  d  i  s  t  r  i  hu  I  i  on  represents  the  iiieasureil  cruiditions 

nio 

|nr  results  gr(',it(.'r  tlmn  0.75  It  and  zeroes  out  .it  thi'  identical  H  c'ateeorv 

ino 

l•(lr  w.ive  heights  less  than  0.7,5  Ft,  tFie  hindc.ist  i  n  Fo  rnia  t  i  on  oscillates  above 

.ind  below  the  measured  values;  but  over  the  average,  the  hindcast  H  Falls 

nio 

slightly  gre.iter  (0.04  It  or  7.1  percent)  than  the  measured  condition.  The 

distribution  gtoierated  by  the  SWWM  displ.iys  nearly  identical  results  estah 
lishe'l  III  the  measured  data  set,  with  <‘Xception  of  tin'  I '>ng-pe  r  i  lul ,  GulF- 
generated  wave  conditions.  At  this  station  location,  ap|)  rox  i  ma  t  e  1  y  ‘JO  percent 
ol  the  me.isured  T  iiiForin.ition  lies  within  the  range  between  2.0  to  2.5  sec, 

p 

whert'.is  in  the  other  two  loc.it  ions  (WG-68  and  WG-66)  this  percentage  decreases 
s i gn i I i cant  I y .  Geograph i la 1  and  bottom  topographical  constraints  at  WG-25 
limit  sigiiilicant  w.ivt'  growth  and  are  adeipiati'ly  rejiresented  by  the  hindcast 
mo'le  I  . 

()t).  ITie  ri’inaining  s  t  ,i  t  i  s  t  i  i  .i  I  distributions  based  on  measured  and  hind- 

i.ist  w.ive  i  n  1  o  rm.i  t  i  on  For  WG-6()  are  displayed  in  Figurt'  28.  The  broad  trends 

Ml  the  II  gage  results  .ippe.ir  very  simil.ir  to  that  Found  in  Figure  2b  For 
mo 

Wtj-t)8.  riiere  is  .i  specific  re.ison  lor  a  diversi'  population  of  wave  conditions 

to  exist  .it  this  particiil.ir  loc.it  ion,  especi.illy  very  small  (0.0  to  0.25  ft) 

II  I  Olid  I  t  I  on  s  .  File  large  number  of  sm.i  I  I  w.ives  tends  to  deiiress  the  ov'er.ill 

im ' 

g.ige  me. in  11  to  0.58  It,  or  within  the  rangi'  est.iblished  .it  Wtj-25  .  One 
mo 

re.ison  lor  this  could  be  .ittribiited  to  the  I  oc.i  I  waiter  depth  near  the  g.ige  1  c, - 
i. it  ion.  .As  discussed  in  FAKT  111,  .i  waiter  depth  oF  II  ft  tends  to  "cliji  oft'' 
the  high  I  rropiency  eiul  of  the  eiu'fgy  density  speitriiiii.  In  so  doing,  .i  slight 
.iinoiint  ol  eiiergv  woul'l  not  be  resolved  f.illhongh  it  would  exist  within  the 
I  ree  snrl.icfl  .ind  the  waive  heights  would  he  lower.  If  the  lost  energy  could 
be  .1  ( conn  t  ed  lor,  the  entire  distribution  shown  in  Figure  28  won  Id  s  i  gn  i  I  i  - 
i.intiv  ch.inge,  I'he  most  dr.iiii.it  ic  rhange  would  be  .it  the  lower  ('iid  ot  the  H 


il  i  s  t  r  i  hij  1 1  (j(i ,  where  the  energy  level  is  already  low.  Excluding  results 

It'ss  th.iii  0.75  ft,  the  hindcast  model  adequately  represents  the  measured  cori- 
•  liLioiis  although  uniformly  overpredicting  the  percent  distribution  by  approxi¬ 
mately  4  percent.  Tht'  hindcast  mean  wave  height  is  19  percent  larger  than  that 
found  in  t  lu*  measured  results;  but  considering  the  loss  of  the  high  frequency 
1  n  1 1;  I  Mi.i  l  1  on  in  the  gage  data,  the  difference  between  the  two  results  is  not 
unexpei ted . 

o7.  The  r  distribution  generated  from  the  gage  results  clearly  shows 

(l  ignie  28)  tlial  as  (in  1  f-generated  waves  propagate  farther  into  Atchafalaya 

Bay,  their  influence  diminishes.  Only  2  percent  of  the  measured  conditions 

had  T  conditions  greater  tfian  4.5  sec,  whereas  outside  the  bay  (WG-68), 

1’ 

2b  percent  ut  the  wave  climate  was  under  the  influence  of  long-period  waves. 

This  siiows  th.iL  local  wave  gen<*ralion  cha  rad  e  r  i  xed  by  extremely  short-period 

waves  lontrols  the  wave  environment  in  Atchafalaya  Bay.  Although  the  hindcast 

model  overpred 1 ds  the  percentages  in  categories  from  2.5  to  4.5  sec,  the 

greatest  uiffT'rence  is  only  6.0  percent. 

b8 .  A  final  (omparison  is  made  between  extreme  storm  wave  conditions. 

The  M  results  were  derived  by  st'lecting  the  largest  10  to  20  storm  events 

wiitiiri  the  gage  sanqilirig  period.  The  maximum  from  a  particular  event 

was  recoveteil.  Tlie  d.ites  for  these  events  were  then  used  to  scan  the  hindcast 

results  to  select  the  maximum  11  from  the  same  storm.  The  maximum  H 

mo  mo 

conditions  ire  not  identically  pa i reil  in  time  (lag  time  caused  by  nonpropaga- 

tion  oi  w.ive  conditions  in  the  hindcast  model)  but  are  representative  of  the 

event.  I  he  i  oinp.i  r  i  .sons  .ire  shown  in  graphic.il  form  (Eigure  29)  and  are  also 

tonnd  111  T.ihle  2.  Figure  29  shows  that  the'  hindcast  results  under  extre*me 

storm  wive  conditions  do  not  clearly  show  .i  hias  tow.ird  ov<‘ res  I  i  ma  t  i  ng  or  iin- 

ile  res  t  1  m.i  t  i  ng  tfie  measured  i  n  f  o  riii.i  t  i  on  .  The  trends  shown  in  Figure  29  follow 

the  results  found  in  hoth  the  t  i  ine-fli  s  I  o  rv  and  |)c-rccnl  occurrence  comparisons. 

The  hindcast  model  iinde  rp  red  i  d  s  the  results  at  WG-bS  c  aiiseil  tiy  neglecting 

till  I  I  -  gene  ra  t  ed  waves  and  primarily  overestimates  the  measured  conditions  at 

WG-fjti,  where  high  t  reqiienc  y  energy  is  lost  in  the  gage  data  hecaiise  of  t  lie 

w.itcr  depth.  Ihe  mean  II  values  for  t  fi<*  data  sets  are  plotted  .ind  the  re- 

mo 

suiting  differeriie  shows  lh.it  th<’  hindcast  model  is  2.0  percent  (or  0.0)  ft) 
larger  than  the  measured  results. 

69.  In  siiminary,  wave  information  cicrived  from  the  SWWM  comparc's  tavor- 
atilv  w  i  t  fi  the  g.ige  data  for  nearly  all  wind  angles  (from  0  to  ifiO  deg);  thus 


HAK'l  IV:  ONK-YEAK  WAVE  HINUCAST 


I  lit  roduct  ion 


/'>■  riif'  vorit  i  <  <1  SWWM  is  ilt“s  i  gned  to  compute  wave  conditions  .it  arhi- 
l  I  ,1  r  I  I  y  sfloctcci  Inc, ii  ions  in  At  cha  f  a  I  uya  Bay.  All  wave  conditions  gene  ra  t  eii 
.issuiue  (.oustant  watei  depths  over  lime,  therefore  neglecting  clianges  in  I  he 
w.itri  elev.ilinn  c.insed  liy  tides,  surges,  and  freshwater  discharges.  In  <irder 
In  impruvi'  (  ompnt  a  t  I  ona  i  efficiency,  .1  polar  cooriiinate  system  is  selected 
wherein  tfie  origin  is  placed  at  each  of  the  10  selecteii  station  locations 
Clahle  i  ,ind  tiguri'  1  ).  Eel  c  h- 1  engt  h  rays  art'  projected  outward  from  the  ori¬ 
gin  at  10-deg  intervals.  A  tfital  of  U>  r<iys  exist  for  each  station.  Ttie 
selection  of  the  do  rays  assures  that  the  variability  of  the  shoreline  bound- 
■  iries  is  ,1  c<  11  r.i  t  e  I  y  described.  Eetcli  length  and  water  depths  are  discretized 
into  10  subset  lions  along  tin  total  length  of  each  ray.  The  water  depth 
selected  tor  each  sufisf'ction  is  averagt'd  from  availatile  NOAA  b.athymetric 


ctia  r  t  s  (date 

d  197/). 

file  ji.aranieters 

/ 

h.  (discrete  water 

depth ) , 

10 

F. 

1 

\ 

(dis- 

Crete  fetch 

length)  , 

.and  E^  (total 

fetch  length,  wfiere 

then 

fit'come  direct  tniictions  of  a  given  wind  direction.  In  many  instances,  the 

wind  dirc'ction  will  not  correspond  identically  to  a  given  fetch-length  ray. 

When  this  occurs,  .1  new  E  fO-'')  and  h.(F.,  0  )  are  computed  via  linear 

l  w  I  1  w 

i  n  t  (' rjio  1  a  t  i  on  lielween  two  discrete  f  etch- I  engtli  rays. 

i”  1  .  The  injuil  conditions  to  the  SWWM  .ire  the  wind  speed  (adjusted  to 
lO-ni  elf'vatioii)  and  the  w  i  ml  <1  i  reet  1  on .  Tfie  firojier  fetch  length,  ,  and 

w.ilc'r  dejiths,  b  ,  aie  tfien  selected  fOr  e.ub  station  for  the  given  wind  di¬ 
rection.  riiis  jirocc'diire  is  followed  tor  every  i-br  interval  using  the  apjiroxi 
iii.ilely  i-ve,ir  pc-riml  of  wind  data  rc-eordc'if  (Ebersole  lyS.TI. 

Itiie-Vear  W.ive  Hindc.ist  1‘roducts 

1  b  I  .s  section  of  the  rejiort  is  intended  only  to  serve  <is  .1  general 
lesciijition  of  1  inj' I  e  w.ice  i  b.i  r.i  c  t  <*  r  1  s  t  1  cs  siieh  ,is  height,  jieiiod,  .ind 


file  j).i  I  .inu' t  e  1'  (!  is  the  jiredoim  nant  wind  .ingle  iiu'asnred  in  degrees  azi- 

iimth,  "from  which  they  1  line .  " 


li  i  reel  i  on  of  wave  propagation.  More  detailed  analysis  of  one-ii  iinens  i  ona  1  spec¬ 
tral  properties  and  interrelations  between  various  wave  jiaramelers  related  to 
storm  i ha ra c te r i s t i cs  are  beyond  the  scope  of  this  report." 


73.  The  l-year  hindcast  only  considers  a  single  population  ol  wave  t on- 
ditions  defined  as  sea  (although  during  periods  of  time,  the  nond i men s i ona 1 
pe.ik  frequency  is  less  than  0.13,  defineil  as  swell  by  Hasselmann  et  al.  (1976)) 
.Also  all  waves  travel  in  the 


direction  ol  the  wind,  and  the 
wind  Sfieeil  and  direction  are 
assumed  to  he  uniform  ove'r 
.Atchafalaya  Bay. 

7A.  The  wave  parameters 


WAVE  DIRECTION 


11  (Kriuation  2),  T 
mo  p 

(Equation  3),  and  ij)  given  at 


0 

I 


each  station  every  3  hr  for 
approximately  1  year  are  used 
as  a  basis  to  construct  the 
joint  percent  occurrence 
tables  found  in  Appendix  C. 
Whe'ii  measured  wind  data  were 
not  available,  the  wave  condi- 


270’ 


90 


tions  (H  ,  T  ,  iji,  and  E(f)) 
mo  p 
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180 


Figure  30.  Direction  of  wave  propagation 


were  all  set  to  zero  and  not 
used  in  the  analysis.  The 
wave  clirections  are  assumed  to 
he  those  from  which  the  waves 

are  coming  (Figure  30)  and  are  measured  clockwise  in  degrees  I rom  the  north 
(0.0  deg). 

73.  Two  products  arc*  present  eel: 

a.  Seasonal  Percent  Occ  ii  r  renc  <•  fables, 
h.  One-Yc'ar  Percent  UcciirrcMice  Table's. 

A  hrii'f  description  of  each  product  is  givc'ii  .ind  instructions  cm  thc'ir  use, 
me  liicling  ex.irnplc's,  are  providc'cl. 


One-cl  i  mens  i  ona  I  frequency  spectra  and  II  ,  f  ,  and  ili  (direction  of 
wave  propagation)  arc'  storc'd  .it  3-hr  intervals  for  1  yc'ar  fcir  c'ac  h  slaticui 


St'.tsoti.il  .itiil  l-yc.ir 

periciU  Di  t  11  r rt'ii  1.  C 

7f).  Twii  ivpt's  of  t.it)lfs  .1  rt*  |)rjiil(‘(i  for  cdcti  of  the'  two  p  ro.fiic  t  s  :  .izi' 

miilft  t.iblos  .iii<f  .1  I  f -(f  1  roc  t  i  oils  t.ibfos.  At  c-.i<'ti  loc.ilioii,  for  bolti  Ifio  soasorui 
aiof  yO'irly  prixtiiots,  16  azinuitfi  tatifos  aiirf  I  a  1  1 -if  i  roc- 1  i  on  table  are  printeif. 
Tfie  a/inmtti  tablc-s  (Fi>>urc'  il)  K  >  V(‘  tfie  pereeiit  oc'cii  r  reiiee  of  t  tia  ra  c  t  e  r  i  s  t  i  c 
waves  in  terms  of  lieijiht  ainf  period  ranges  for  a  specified  station,  season,  ' 
and  direction.  I'fie  title'  of  eacli  tafifc-  idc'ntifies  the  station,  sc'ason,  .ingle 
class,  ,in<l  water  deptfi.  Tfie  .angle  class  specification  for  eacti  table  repre¬ 
sents  wave's  cDining  from  dire'ctions  approximately  11.25  deg  to  c'ithc'r  side'  of 
tfie  latiele'if  direction.  For  example',  0  dc'g  represents  directions  >348.75  de*g 
.111(1  11.25  de'g.  rile'  wave  period  range's  arc'  in  0.5-sec  intervals  and  the 

height  ranges  are'  in  0.2.5-ft  increments.  Values  in  the  azimuth  tables  rc'pre- 
st'iit  the'  pc'rce'tit  of  the  season  that  wave's  occur  from  tfie  specified  angle  class 
for  the  indicated  hc'igtit  and  period  range  combinations.  The  values  have  been 
imiltiplie'd  by  1,000  to  allow  more  accuracy  with  less  jirinting  space.  Summa¬ 
tions  of  period  and  he'ight  ranges  are  provided  in  the  last  column  and  row  of 
eacti  tafile.  The  summations  are  also  multiplied  by  1,000.  The  last  line  in 
e*ach  azimiitfi  table  contains  the  following  information  for  the  specified  angle 
class,  se'ason,  and  location: 

a.  Ttie  average  11 

mo 

1).  Thc'  l.irgest  11 

mo 

c.  I’cTCC'iit  of  waves  occurring  in  the  specified  season  from  the  in- 
dic.itc'd  ,ingle  class. 

77.  rtic'  .1  1  I -d  1  rc'ct  i  ons  table  for  c'ach  sc'ason  (Figure  il2)  is  [irintc'd 
.1  f  t  e  1  tlic'  ii7.5-d(’g  .ingle  class  table  for  the  specified  season.  These  tables 
give  tile  percent  occurrence  of  signific.int  waves  within  thc  samp  specified 
height  .ind  period  ranges  coming  from  all  directions  for  the'  indicatc'd  season 
.ind  sf.ition.  Percc'iit  v.i  I  iic's  in  the'  a  1  I -d  i  re'<  t  i  ons  table's  are  multiplied  by 
lOO,  The  p.ir.imeleis  liste'd  in  the  last  line  of  this  table  .ire  derived  from 
,1  I  I  diiee  lions  for  file  spt'cified  se.ison.  The  tot.il  niimbe'i'  of  case's  repre'se'iits 

the  iiiimbei  of  i-hr  .iver.ige  w.ive'  conditions  that  we're'  hindc.ist  during  the  iridi- 

i.ited  se.ison.  This  nnmtx'r  reflects  how  imie  h  wind  d.it.i  we'ic'  .iv.iil.ible  to 

.Se.ison  I  IS  Dei  ember  itiroiigli  Febrii.iry,  Se'ason  2  is  M.irch  through  M.iy , 

Se.ison  1  IS  June  through  Aiigii.st,  .ind  Se'ason  4  is  Si'p  t  I'lnt’e' r  through  Novt'iiifie  r  . 
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LARGEST  HS(FT)  =  1.77  TOTAL  CASES  =  693. 


Figlire  '12.  Example  of  Lhe  a  1  i-<l  i  rect  ions  seasonal  statistical  table 


perform  the  hindrast  during  that  particular  season.  All  calm  wave  conditions 

(H  less  than  0.01  ft)  are  removed  from  these  tables  because  of  the  method 
mo 

employed  in  the  SWWM.  This  constraint  will  not  alter  the  data  since:  (a)  we 

are  dealing  with  a  very  small  number  of  occurrences  within  a  given  period  of 

time  in  Atchafalaya  Bay  and  (b)  the  magnitude  of  H  is  so  small  that  whether 

mo 

one  considers  a  wave  height  of  0.01  ft  or  0.0  ft  is  of  no  real  consequence. 

78.  The  1-year  tables  (examples  are  shown  in  Figures  33  and  34)  are  of 
the  same  format  described  above.  These  tables  (angle  class  tables  and  all¬ 
directions  tables)  are  based  on  the  full  1-year  data  set  (or  the  cumulative 
total  of  the  four  sets  of  seasonal  tables). 

U s e  of  jMe _ ta bj. 

79.  The  following  examples  illustrate  how  to  use  these  percent  occur¬ 
rence  tables.  In  order  to  find  the  number  of  hours  that  waves  with  heights 
greater  than  0.75  ft  and  less  than  0.99  ft  and  periods  between  2.5  and  2.9  sec 
are  expected  to  occur  from  0  deg  at  Station  1  during  Season  1  (December,  Janu¬ 
ary,  February),  the  value  read  in  the  talile  for  the  specified  station,  season 
angle  class,  height,  and  period  should  first  be  divided  by  1,000  (yields 
0.l4;i  percent.  Figure  31).  Then  0.143  is  divided  by  100  to  give  the  proba¬ 
bility  aiifl  multiplied  by  the  total  number  of  hours  in  Season  1  to  yield  the 
numhf'r  ol  lioiiis  ih.il  the  spet  itied  wave  is  expecte<l  to  occur.  The  simple-  con- 
ve-rsion  proie-ss  is; 
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e-xpe-e  te-d  to  occur 


(29) 


02 


'■.T*.Tir‘)  1  1  iF'.P  ..^.•3LE  C1-A53  (CtG  AZKVJTH)  =  0. 

.j  i;rpTM  =  FFET 

.  i  F,  l‘,  r  ■  lClL’vf  e;  '-I  :i,  j )  cp  i'eicmt  as'g  pe’^icj  by 


-EIGHTI FEET  I 


"1  .  -  0 

T . :  T  -  n 


rE3:c3(  cEEcros  i 

0.3-  0.5-  :.o-  1.5-  c.o-  c.r>-  i.o-  1.5-  -*.0-  ,.5- 

0 .  ■♦  0.0  1.4  1.9  z.-*  1.4  i.H  ■; .  0  ■•.4  l.^.'Ge 


AL  0  C  0  0  4  32  40  0  0  0 

>.'?FACE  liSlFTl  -  0.42  LAPGEST  M2(FT)  -  0..S3  AEiGLE  CLAoo  X  =  0.5 


''TATir'J  !  !  iFAP  /YiOLE  CL/.03  (DEG  AZIIP'JTH  I  -  22.5 

,  f  _■  r  r  PT.(  r  A  prr  j 

fiFLENi  f.  I  VI 2UJ ,  or  height  a^.'d  fepicd  sr  directich 


HEIGHK  FEET  ) 


0.  -  0.24 

0.25  -  1 ,  .  ; 
.0.^4  -  4  . 

0  .  /■'.  -  0  '  ) 
1  .  :  j  -  ;  .  * 

1  .4,  _  1  J 

i :  o  1  -  i !  :■ . 

1  . / 5  -  1.00 

2.00  -  <; . :  t 


2 , 50  -  r 
lOTAL 


fE.ATEP 


PEF-CDI EECCSD3 I 

0.0-  0.5-  1.0-  1.0-  2.0-  2.5-  5.0-  3.5-  4.0- 
.  :  .  0  1.4  ,  .  o  2.4  ^  .  9  5.4  ., .  9  ,  ,  4 


0  5246  211 


AVEPAEE  H3(FTI  :  0.72  LAPGEST  HS(  FT )  =  1.29  Af.’GLE  CLASS  Z  : 


ST.'.TTCH  1  1  yF.‘P  AMGLE  class  (DEG  AZI.-:UTH  )  : 

'.;'.T-P  I'EPTH  :  5,--3  feet 

FE-OfM  CCCL’^PEt,:-.  (  .■•,1000  )  Cr  HEIGHT  AHD  FcPICG  PT  Dl 


HEIGHr(  EEE  T  1 


0  .  -  0 
0.25  -  0 
U.'.O  -  0 
0 .  75  -  0 
1  .  0  0  -  1 
1 . .  5  -  1 

1.50  -  1 

1 .  ;  5  -  1 

2.  CO  -  2 
2.;  5  -  2 

2.50  -  r 


PEPICMI  EECC'.'DS  ) 


i ,  5  -  1.0- 


5.0-  3.5- 

3.4  4 , 


A'VEPACE  HS(FT)  '  0.52  LAPGEST  HS(FT)  ^  1.15  At.’GLE  CLAE 


3T.ATI''M  1 

L.-,  r,-.J  vDTH 


■M  1  1  AHGLE  CLASS  (DEG  AZIVIKHI  : 

■:rn;n  z  5  .--o  r?FT 

(I  ccoL  xic-0  (  or  heicht  afh  fepicd  cy  dipeci 

fep;cd(  SECS'. ds  i 

0.0-  0.5-  1.0-  1.5-  2.0-  2.5-  5,0-  5.5-  , 

',.4  1,4  1.9  ,.4  2.0  5.4  5.9 


heighk  feet  1 


0.  -  0,24 

n  .  25  -  n  .  ■.  ) 
0.50  -  0.24 
0  .  ;5  -  0  0 

1.5  0  -  1.,.. 

1  . .  5  -  1.4) 

1  .  '  0  -  1.7. 

1  .  75  -  1  .  .) 

2  .00  -  2  .  ,■  t 

2  . :  5  -  ,  .  4  ) 

2.50  -  I  -'EATEP 
TOTAL 


AVEPAGE  H3( FT ) 


LARGEST  HS( FT  I 


AKGLE  CLASS  '/ 


KxHinpIt'  of  llif’  l-y<'.ir  statist  ii.i 
for  varioii.s  .iiiBlf  (.  lasses 


I  t.ibl( 


|-  (  g(i  re  i  i . 


1  YE^r^ 


'■.TATir'l  1 

JATF'’  HEPTH  :  -..FT  ircT 

LELLIU  CCCL' XIC  J  I  CT 


HEIGHT!  FEET  ) 


1.0-  0  .  r.  - 

G.4  J.'i 


1.4 


1.5- 

1.5 


FC.T  AIL 
HEIGHT  l'.;3  TIPI 
F  EPIC3( SECCHjG 
2.0- 


OT.prc’ 

CO  FCP 

t 


,•■1 1 


'Cl HE 


rOTAL 


0. 

0  .  ?5 
0 . 50 
0  .  I  5 
1  .  C 11 
1 . 5 
1 .  ■:  0 
1  .  ,'5 
E  .  CO 


I:’ 

•i  0 


.  1 

lEATER 


iOTAL 

AVE  H5( FT ) 


.  .  4 

•'3 


t  _ 

‘l.o 


.0- 

1.4 


0 

0.5C 


0 

LAPC 


0  0 
EST  M3(FT)  = 


o  1  5  5 
1  .  7 


:TAL  CAGE! 


Fi>'urt“  3A  .  Kxample  of  tli<>  a  1  1 -<i  i  rcr  L  i  oiis  l-year  .slalistical  Lable 
For  Ltiis  example: 

14,5 


1  ,000 


F  100  2,160  ~  '5  hr 


The  follov/irig  tahulatioii  lists  the  approximate  numla'r  of  liours  in  each  season 
for-  1  ye'ar: 


Season 


Number  of  Hours  in 
Season  for  1  Year 


1 

(D, 

F) 

■^2  , 

160 

2 

(M, 

A. 

M) 

■^2  , 

208 

T 

(J, 

■J, 

A) 

3,3 

♦ 

208 

4 

(S, 

0. 

N) 

-^2, 

184 

80. 

The  a 

1  1  -il 

i  re 

■ct  i 

ons 

tables 

c' 

an  be 

use 

il  i  n 

f  1 

nil  1  he 

riuinhe  r 

of  hours  waves 

>1 

,  7  ,S 

ft  anil 

<  1  . 

90  ft 

W  1 

III  in  a 

t  yp i ca 1 

yea 

r  t 

r>  r 

Slat 

i  on 

I 

iliir  i  iig 

Season  1 

pe 

r  1  oil s  , 

il  i  V  i  lie 

the 

va  1 

Ut* 

i  n  1  he 

'tot  a 

1  >  • 

1  CO 

1  unin 

f  or 

hy 

1 00 ,  wh i eh  y i 

eliis 

a 

l)t*r 

cent 

o  ( 

0  . 

14 

(.Figure 

(2  1  . 

t  h 

e  proh.i 

1  h  i  1  1  t  y  , 

t  he 

n  niii  1  t 

1  ('  1  y 

by 

1  lie 

niimhe 

r  of 

hou  r 

ITial  is: 


14 

100 


100 


2  ,  loo 


<S  I  .  This  p  t'l  I  (  Oil  11 1  ('  m.i  V  .1  1  Si  I  he  ii  seO  when  i  le .  i  I  i  1 1  j;  with  the  wa  \  e  e  s  t  i  “ 

III. lies  111  tfie  l-\'e.ir  t.ihles.  The  mimhei  "I  hniii:.  in  the  t  line  iiiter\Ml  teiiini  it 

iMiii.ilinn  C‘)  wiiiilil  iiiiw  he  the  sum  lor  .ill  tnui  se.isuns  et  h.'tiO  hi  /ye. if. 


I’Ak T  \  . 


DISCl.'SSloN  UK  [l!N|)i  ASI  KKSl'i.rs 


1 

I 

I 


HI!.  I  111  .‘■Ih.il  I  nv.  -  k  .1 1  I  ‘  r  iv.ivi'  'K.iii'!  i  sWUM  j  •icvc  I  ■  .i'< ‘A  !■'  i  ■  Ic  ■ , :  i  .j  I  i  I  v 

i  li  ■  s  I  r  1  111  ■  I  III  ■  pli s  !  1  I  1  (I  I'  ii  I  ■  .T  Ml  -  M  111'.''!',-,!  Ill  1^  .n'i  t  ii  .mi  I  i  ii  :  !  ■  ■  ‘l  1 1 1  ii  ur,'- 

!  r  .in I  n  iMiM  I  !  1  111  :  .  Di- '  .i  i  !  i-c)  .  ■  .mi  i.i  i  .  m  ■ -n  ^  •.!  l  hi-  -.VA-.'!  r.-ini''  wiUi  hum  i;  ri'.l  u.ivi 

il.it.i  I  II  At  I  li.i  I  .1  I  .iv.i  ll.iv  I'l- 1  I  1. 1  ;iii-.|  .  A-!  i  ns  !  :ii"  I  !  I.  tin  | .  i  r  i  iiii  I  i‘ r' I  /  i  I  i  <.' 11 

1  veil  !  1 V  ll.i  s I ■  1 .11  1  nn  i ■  I  n  I  .  i  !  n  _  t , . ■  ,•  m'  i; .  .  v. '.  1,  .mi  i i.'.i  k  t  .  i lunn  V 

itniiiKi's  over  t  i  t  '  ti  li'iiiUhs.  '..iie  nn  'lii!  1..  i  iii|i  i'. •  tin-  i  .  i  i  ,i  ii  i  '  i  t  y  .- !  ’In' 
SWUM's  results  <.11111111  tin'  li.iv.  i'lie  ili.in>;es  '.vein-  |..i:.i.|  ..n  prototype  resnlts 
wliere  noml  1  iiii'ns  1  on.i  I  1  r  the  .At  i  li.i  t  .1  1 ,1  vn  ii.iv  w.ive  1  n  t  o  1  in.i  t  1  on  r'etleeteil  treini.s 
e  s  t  .1  [1  1  i  s  Iml  in  previons  stmlies.  \llhoU>>h  tlie  iionii  1  men  s  1  ;  ni.i  1  relnti.iiis  v.irie 
t  roiii  Hnsselm.inn  et  ,1  1  .  {Ih.Ujj  .nni  Knoviles  (I'lKii),  the  p  ir.niieters  supportnl  ,1 
se  I  t  -  s  i  III  i  I  .1  r  spectr.il  sli.ipe.  .Also,  the  .issniiipt  1  on  th.it  .southerly  yi'ner.iteii 
wave  eoiii.l  1  t  1  nns  liave  .1  iinniiii.il  eftmt  .ai  tin  .A  1 1  li.i  I  .1  1  .1  v  .1  K.iy  w.ive  .  Innate  w.is 
verified.  I’h.it  ;),i  rt  1  eu  1 ,1  r  verilie.il  ion  was  h.ised  i.ni  roiiiji.t  r  1  .sons  hetweeii  w.ive 
gage  rt'sults  and  speelr.il  er.  t  1  in.i  t  es  .  The  re.ison  lor  llie  loss  in  long-period 

wave  1  ri  I  o  rnia  L  i  on  was  assimied  to  he  i.  .iiised  by  w.ive/so  1  t -hot  tom  i  nt  e  r.u  t  1  ons  , 

,ind  trends  found  in  the  .At  eh.i  I  .1  I  .ly.i  B.iy  ine.i  s  11  re.i  w.ive  eonditions  were  similar 
to  previous  stinlii's  where  in-depth  .m.ilysi's  were  ('erlonned. 

8d.  .Alter  1  m[)  I  einent  .it  1  on  ot  the  new  grow'tii  r.ite  resi' i  oils  ,  the  SWVM 

wave  t'stiinates  were  eoiM[).ire.l  with  I'.'Kisling  wive  g.ige  1  n  I  •riii.ilion.  Tiine- 

liistory,  percent  oei.  urrence  .  .iiid  extreiin.-  w.ive-he  i  ght  i  .  mipa  r  1  sons  wer“  per- 

fornieiJ.  In  gener.il,  the  hin.h.ist  .leen  r.i  I  e  I  y  desirihed  time  seijiii'iii.  t's  in  the 

w.ive  estim.ites  .it  .ill  three  g.ige  li'e.itions  lot  1  l.trgc'  niiinhr'r  ot  v.iriahlf'  win 

conditions.  .S  l  .1 1  1  s  t  i  0.1  I  I  y  ,  the  li  1  iidi  ,1  s  t  ri's  11  I  I  s  c  oinp.i  1  ed  1  a  vo  r.i  h  1  y  with  t  tie 

.1  i  s  t  r  1  hn  t  i  on  ot  II  in. I  T  I  oiind  in  t  tie  w.ive  g.ige  d.it.i.  1  he  111.1. \  1  imiin  H 

mu  p  mo 

est  limited  t  rom  the  top  U)  to  20  storm  events  .le  t  e  nn  i  lU'd  !  roin  the  n.e.isvired  rt'- 
suits  were  eomp.i  1  ed  with  1  in  1  I  .1 1  h  i  inlr.i  •.  t  c  a  .'nd  1  t  i  .  >11  s  .  I  he  h  1  inK  .1  s  t  res  n  i  t  s 
dill  not  .V  h  ow  strong  t  r  e  n.  1  s  t  ow  1  r .  I  ..vet-  or  n  n  ■  I'  •  1  e  s  t  1  in,  1 1  :  n  g  the  in.i  x  1  innni  nie.i  - 


s  11  r'r  t 

1  11  e< 

nil  1 

III  1  I  t  ions 

Ai 

1  u  r.j  t  '  •  J  V  1 

•St 

1  in.i  1 

ill.*; 

ini' nn i t  i uu 

i  1  .1  t  he 

SkVM 

I  n  .1 

t  1  me -hist 

l.'iv,  per 

1  en  ! 

«  M  .  in'  r'fiiiv 

.iisl 

« •  1  r 

flllf' 

Ml  1 1  t  fi  r  ' 

.•  loe.it 

1 .  ns 

}>:  (.VI 

ides  the  1 

' ,  n.  1  . .  to 

gi ' IP ■ 1 

.lit*  ;  1  u  ‘  w . 

1  » ' 

e  1  i 

ni.»  1  * 

III  o' 

[  !n'  j  .n  f’M  s  ; 

n  A  1  c  h.i 

t  .1  i  .i\ 

li.iV. 

ho.  Api 

1  1  o-<  1  111.)  t  e 

i  v  1 

■  u  « ■  t  [  1  1 

1..I 

.  isl 

vv .  1  \- 

inf. 

1  nit.  1 1  i  ■ '  1 1  .1 : 

,  pto.ho 

e.l  to 

\(>  !■ 

.1  .it  I  oie. 

1  n  t  he  ..ft 

i  h.i  1  .1 

i  .i\  1  fA.l V  I 

»•>’ 

1  ' .11  . 

f. , , 

1  '.ill' 

pol  .  .  ti  itf 

I  1  me  ,  1 

h.i  r.H 

t  (  ‘  I'  1  ^ 

.  t  1  .  W  ,1  V  (' 

he  1  ght  , 

pe.ii- 

{•Cl  i  >  ■'  !  .  ill< 

■  ill 

•  1  1  1 

t  1 

.-n  "I 

,t\  »  ;  n  \>-i  > 

.sit  1  ■  n  . 

.iiiil 

usiviii.il  t  t  cviiuMu  y  spcilral  w.ivt'  csl  imali-s  art’  availahlt-  every  i  hr  tor 
t  ,1 1  1  on  . 


>S  ’  )  .  ;\  : 

;  a  t  1  ii'  1  1 

.lint,  it 

shou  1  it 

tie  em[)tias  i  ye 

.1 

Itnil 

t  he 

1  II  1  o  rma  L 

i  on 

prt- 

I  i  1  i  ■ 

'  '  .  1  1  '  ]  M  .  I  1 

■  M  !  S  l  1  t  1 1  1 

es  .  ai  ; 

.1  -Ilia  II  pii  rt 

1  <  • 

il 

of 

ttuiL 

a  V .  t 

1  1  a  tl 

Ir 

['  i  '  lilt 

l!l['  i  ft  ■  ^ 

1 1 1 1 1 1 1 .  11'  , 

■  I'lf. 

,  1  Ilia  1  1  1  -n 

set  sture.l  !■ 

rt 

ll)i 

.1^111 

■til 

t  .1 

,  1' 

()  r 

niany 

f.-:  .  t. 

I'l  a  .-.It 

'  i  r  1  '  ■  1 1 1 

'■  taMes 

in.iy  iml  siif 

t  1 

f  . 

H 1 1  we 

vrr  , 

ttie 

ha 

S  i  ( 

t  1  n  I 

1  1  111  1  t  1  .  'll  !  . 

I-  11  1 

.11.1 

1  ii  1 1 1  111, 1 11','  .1 

1  t 

f  ‘ 

rri  a  t 

.e  til 

fills 

iTi.i  I'e 

(.  nm- 

■  ■  Vs  1  M  ( 

Ill"  t  s  i . 

•III  t'l'-'li- 

Mil,  1  11 1  I ,  r 

lit.  1 

1 

I  nil 

S  tl 1  )  1  1 

lit  11 

r  n  v  1 

lie 

an 

'  1 '  I  !.i  I  .1  0,1  SI  ■  i  . '  il'  ■  I  ,  ,111 ;  ni-  t  i|,  1  11 1  I  iieii-  1-  . .  I  wa  i  ou'l  i  t  i  on  s  on  s  eil  i  men  I 


-4 


1  iLlo-i  . 


t  .1  1  '  ri  1  ii.-i  •  1  ine.  pi'itili'iiis  in  Al  i  h.i  t  a  1  ava  Bav  . 


KKFKHKNCKS 


I'rci  M  liii'MiliM  ,  1  I..  "Itu-  Cn‘iu‘ I'.i I  1  Dll  .iiid  Dei  .iv  <>t  Wiiui  Uaves  in  Deep 

' .  I  !  ( ■ ;  .  "  I  r  I ! e. , 1 1  I  Ions,  Am* ■  r  i  *  .1  n  i ienpliy  n  1  i  .1  1  I  n  1  nil  ,  \  <  •  1  M  ,  N d  .  i  ,  pp  i8  1  '  i89  . 

'■1 .  '  '  t  h  n*  ■  I  '  it  ■ !  ,  '  i  -  ,  Ifni  fn  ■  1  ■ !  ^  K  .  11.  i  n  S  “t  .  "  (  .Im  ( ipt  ‘s  in  W.i  vn*  fie  i  I  li  lit*  I  ii 

' :  t  .  mi  r  I  1  1  t  !  .  'll  ,  I'l  ■  1  1  I  i  I  ,i  I  I .  ,11  ,1  mi  I  r  .1 1  1  I  '  -  n  ,  I  i-i  iin  1  t  .1  I  ‘■leim mm  rniniii  Ne  .  AA  , 

s.  I'll  1. 1  I  m  I  ■  "  lA'.w  ,  1  !■  . 

.  I  I  '  1  : ; : .  ,  .  1  .  I  ')  /A.  .  ! '  r  I ' '  I  1  (  I  I  ■  .11  ■  >  I  Sf  1.1  i  I  < 'W -  W',i  ter  S|it‘ e  t  r.i  ,  "  J t* n  r  n .1  I  e  f  l>et) “ 

p  ii  .  '  I  ■  1  !  I  ■  '  i  e.i  I  1  h  ,  '.’1 '  i  '  /  ,  Nd  .  IS,  pp  Ah'i  i  -  A  7(1  r  , 

I  M  I  r  \  Hip  I  *■  ,  i'  A  .  ,  ,1  n  1 1  i .  1  n  ,  1  ’  .  I. .  -  I  .  1  ’)  7  8  .  'U.i  vt-  s  ever  Suit  Mni  I  s  :  I  wo  -  I..1  y  e  r 

I  ini'!  '*1. 11  It  1  ,  "  1 1  111  in  .1  1  lit  I'tiv  s  i  i  .1  1  t.)i  f.iMog  r.ipliy  ,  Vd  1  K  ,  p|i  1  I  2  1  ■  1  1  .1  I  . 

FlieiMile,  B.  A.  IBKS  (  I'eti  )  .  "Ttie  At  i  li.i  t  .1  I  .ly.i  River  Delta;  Wind  L’ 1  i  mn  t  n  1  o^y  ,  " 

ietlinii  il  Repi'ii  I  S  ,  Ri'piirt  8,  ISS  Army  FiiKineer  Waterways  Kxperiinent 

tit  a  t  1  1 1 1  i  ,  V  I  t  k  s  1 1 1 1  r  K  ,  Miss. 

iiiiristai  I  ,  (1.  .  ,  .uni  Rt'eit',  .A.  M.  1984.  "Measurements  nl  Wave  .At  t  en  11a  t  i  nn 

■  liie  til  a  Soft  Hdttnm:  Ttie  .Sw.iiiip  Kxpe  r  1  men  I  , "  Symposium  on  the  I’raetice  of 

I'tu's  I  1  I  i  ( )( f.i  nny  r  a  jiiiy  in  Honor  of  K.  (J.  Reid,  Texas  ASiM  University  . 

(t.ide.  H.  ii.  19S8.  "Ktlt'tts  of  .1  .Nonrixiii  I mp<> rnie.ih  1  e  Bottom  on  Plane  Siitlaet* 
Saves  in  Sli.illow  W.iter,"  .Dnirn.ii  i.>  t  M.i  r  i  ne  Research,  Vo  1  16,  pp  61-82. 

I'larcii,  A.  W.  ,  and  .lensen  ,  R.  I..  198!  (.Jnn).  "Wavt*  Dat.i  .Anpi  1  s  i  t  1  on  <ind 

Hindc.ist  lor  S,i>tin.iw  H.iy,  .'*1  i  eh  1  8<ui , "  Tecfinical  Report  HI. -88-14,  i'S  Army  hn- 
>;ineer  W,i  t  *  rw  .1  ys  Kxperiment  St.ition.  ViiksInir'K,  .'‘liss. 

Dinl.i  ,  V.  1974.  "Ks  t  1  m.i  t  i  on  of  Wave  St.itistics  from  Spectral  I  n  I  o  rm.i  t  i  on  ,  " 

IM'  iceediny,s,  1  nt  e  rn.it  i  una  1  Svmpos  i  urn  >*11  (H  t*aii  W.ive  Mt*.,  su  r  ement  .uni  .An.ilysis, 

\iiie  r  I  1  .1  n  Si  1 1  I  I  •  I  y  of  P  i  v  i  I  Kn^  inee  r  s  ,  Vi  >  I  1  ,  pp  (20-  i .!  7  . 

I.u. e  I  m.un  I  .  K.  19t).  .  "i'n  the  Ni  ui  -  1. 1  ne.i  r  Hnerny  Ti.Uisler  in  ,i  lir.ivity  W.ive 

ipei  I  r  mil  -  Sem  r  .1  1  I'h*  n  1  r  v  ,  "  D  m  r  ini  I  of  Fluid  '■!*•(  Ii.in  1  (  s  ,  Vi  1  1  12,  P.'  r  I  1  , 

ip  4,si-Si)!) 

I.is.'.e  I  iii.iiiii  K.,  uid  Pol  I  ins,  I.  I.  i9(.K.  "Spet  t  r.i  I  1)  1  s  s  1  p.i  t  1  on  ol  l-inite- 
lepl  h  Pr.i\'itv  W.i'.'rs  due  to  Tiirhiili'iit  Bottom  Frit  t  ion,"  Joiirn.il  i>t  .''l.iriiie 
\’e s e. I  r  1  h  ,  \  1 1  I  2 f I  ,  PI  I  -  I  2  . 

I.  e,  t.e  I  III.  Ill  II  ,  K,,  et  .1  1  ,  10/  !.  "M<  m  sii  reiiien  t  s  of  Wind-W.i\’i‘  I'lrowth  .iiid  .Swell 

)ii.i\'  Diirin>i  tile  Iniiit  North  Si'.i  W.ive  Pro|eit  .IllN'SW.AP,”  Dtsili,  Hydrogr.  /.  ■  . 

.  0  I  .8  ,  .Sii p p  I  I’liii  lit  .\.S  ,  No  .  1 

I.i ,  I  I  iii.iii  11  .  K  .  ,  I  •  I  .1  I  .  I  9  0.  ,  "  \  P.I  r.i  nil*  I  I  I  (  W.ive  P  red  1  t  t  1  on  ’'lodi'  i  ,  lo  11  rn.i  I 

'it  1  ’  1 1 V  s  I  I  .  I  I  1 1 1  e .  11 1  o  iM  .  I  p  1 1  y  ,  to!  I ,  p  p  .  ’  ( I  ( )  - ..'  2  8  . 

iP.i.i.i,  SIni-Plii,  '.Iin'i.l.  I'l.'.',  "Ii  the  1  1  .1 11  s  t  o  1  ui  1 V  I  "n  M**  i  h.ui  1  sm:.  ind  the 

P  re.  I  1  I  I  I  I  III  o  I  I  ,  11  I  !  e  -  I  'opt  h  W  1 1  e  I  W.i  ves  ,  Ph  .  I) .  D  I  s  se  I  t  .1 1  I  on  ,  I  n  I  t  e  r :  1  I  \  o  1 

I  i  0|O  'i.i  ,  0.1  1  l.esv'  i  I  I  e  .  t  1  . 1  . 

:  .ill,  K.  I  .  ti  :  r  d  .  I  '  P-; ' )  .  "  W.i  1.  e  t.pei  t  I  mil  P  h.ui>;es  dii*'  to  Slnni  I  i  n  x  .111  d  B  n  m  k  1  n  r  . 

1  -  'tiini.  -  ihiei  -  P.'■.,l•t  -  I..1'..  oil  Freipii'iiev  Spectrum,"  ip..tk.i  Iniversitv, 

1  I  I  ll  [  I  1  I  1  i  B  e  p  '  '  ;  I  ,  .  I  ''  i  ,  \  I  I  i  '  1  I  ■  -  I  1 ')  11  ,  p  p  2  ti'l  -  ,  .H  , 

; ,  ■  I  e  e  1 1  ,  f\  !  1  '  pi-.;  ;  ,  1  .8  p  I  I  .  ‘t  I  .  I  s  I-.  I  p  1  >  I  Sound  W .  i  v  t  *  1 1  i  n  d  i  .  1  .s  t  .S I  1  n  I  v  ,  I  e  i  1 1 1 1  1  .  .  i  I 

Be  pi  .  I  I  H  I ,  -  .8  .  IS  I  III'.  I'.  II  l  in  ■*■  I  W.I  l  e  I  W  .  I  V  S  Fx  pe  I  1  111**11  t  S  t  .  I  t  1  o  1 1  ,  V  1  1  k  S  1)  11  I  y  ,  ''1  I  s  s  . 


I  tic  (. ,1  I  (  11  I  a  I  1  1  'll  u  1  .1  Stia  1  1  ov.  - 
I  Aiiiiy  Kiikiiicci  Ualciways  Kx- 


Icii.scn,  K.  K.  I 8  ill  (Sell).  "‘Ic  t  liinli .  1 1  i>;y  (ci 
iv  1 1  c  r  Ua  \  c  I  I  i  Ilia  f  I '  ,  '  U a  Vc  t  ii  t  <  •  r  iiia  t  i  <  -  ii  S  t  ii<  1 , 

I'c  r  I  me  111  S  L  a  I  1  '  111  ,  i  I.  ksli'i  I  ,  ‘1  i  : 

K  I  I  a  I  >'i  1 1  '  1 1,  K  1  1  ,  S  .  A  ,  1  .  "  \| ')  •  i  .  ■  •  a:  ■  !  !.  ia  •  1  tn-r  1 1 A'  i .  t  S  i  iii  i  I  a  r  i  I  v  t  c  t  tic 

AiiaK'.i'.  lit  A  I  iiil-ia  III  I  c.  1  ■'  1  1  St.itia  111  i'lmcss,"  lAj  i  1  ,  Ai.c!. 

Si  1  .  I  .Still  Sc  1  .  I  ic.  i|i|iy  .  I  .  ■.  .  ,  i'l  1  IK  -  I  1  ■ 

t.  I  t  I  1  ye  I  1 1 K  I  I  ,  ti  A  .  ,  K  1  .1  -  .  1  t  ■  |i  :  ,  _  ,  I  ^  .1  le  i  .  .11.  I  1  'i  .1  s  k  I  1  ,  .  ’'I  .  1  A  ;  S  (  i  ii  1  ) 

'Sill  I  'ti  I  !  ;  -  ;i t  1 1.  I  a  it  I.  ;  I  ,  :  ■  ■  .ill  1 ■  i  1  I  fie  ti  ji<  -  i  t  i  i  ■  i  ;  U  i  ri .  t  -  ( ,  r  •  ii  i '  I  .  1 1  c  i  i 

s  I  I  1  I  v'  A  ,  I  C  ; .  ,  ' '  S  ,  1 1  I  1 1  ,  :  ,  !  .  .  I  ,  I  j  .  I  ■ .  I  1 1 .  y  I  .  1 1  •  1 1  V  ,  "  I  >  ,  S  i  |  .  '  ,  1 1 1  >  •«  1  0  -  a  A  ( ' 

K I II  'll  I  ■  c  ,  I  .  I.  !  I  sy  .  "  ■!,  •  |i  !  I  t  ’  ■  I  I  ■  ■  I  !  1  II  I  t  I  ■  1  'c|i  L  Ii  "  ■  i  W  i  ml  -  A.i  vi  S  jic  ■  l  i  .i  : 


f 

.A  I'nllip. 

1  I  1  M  .  1 1  '.i 

1  t  tl  |;e.-|.- 

Wall  I  !  1  1 ,  1  i 

i  1 '  1  I  ili.i  -  !•: .1 1 ' g.  S  1  .  ipc  .1 1 1  d 

1  It  he  1  tip  Cl  I  r.i  1 

1 

1  1  tine  t  c  1 

hail 

11. 1  !  n  1  PA 

i\  1  '  1  :  1  ,  .  . 

1  nog  I  .1  ]  i|, \  ‘  1  12,  p|i  S 

')  n  -  S 1 1 8  , 

M 

1  I  M  U  .  1  S  1 1  , 

H  1  s.ish  1 

i'fi.S 

'll  1  h,.  1 ; , 

■  iw  t  h  o  1  the  Spelt  rum  <  > 

t  A  1  nd  tiene  r.i  t  i  on 

A 

.  1  I.  ’  c  s  (  1  1  ,  ’ 

Rcpoil 

s  lit  Ki'si 

Mill  1  1  M.  V  1  1 

ate  1  . .  1  Apii  1  led  Mei.  h.a  n 

i  cs  ,  Kysiish.i 

1 

11  1  '.'c  rs  1  1 

,  Vol  1  .■ 

.  .No.  >  A , 

Pti  iS-Ja.'- 

S  . 

1  Ah')  . 

"(In  the 

Growth  ol 

the  Spei  1  rum  of  W  i  nd -Gene  r  a  t  ed  W'.ives 

( 

II),"  Repi '  r  t  s  o  I 

Re s e.i  I  c  tl 

Institute  1 

or  .A(>p  1  1  eit  .Mec ti.i n  1  c s  , 

Kysiisli.i  univer- 

s 

1 t  y ,  Vo  1 

17,  No  , 

SA ,  pp  21 

iS-24K  . 

M 

1  t  s iiy .1  s  11  , 

tl  i  s.ish  1 

,  .ind  K  1  mu  r.i  ,  II  i  s.io  . 

1  At)S  .  "W  1  nd  Wai  v(“  i  n 

Decav  Area," 

(S'lst.il  Kngiiiccriiiy  in  t.iii.in,  V'ul  K,  |>|i  21-  iS. 

Nat  inn. it  Oic.inii  .iinl  ,Al  im  c<  (itic  t  i  c  .Ailm  i  n  i  s  t  ra  I  i  on  (Nn.A.A),  N.ition.il  (.)ce.)n  Survey. 

1  A  /  ,7  .  Ati.irt  .No.  It  iAA  .mil  It  JS  1  ,  US  l)e|>.i  r  t  men  I  ot  coniine  rt'f' ,  WastiiiiKlon,  DC. 

Uii,  Sti.m-ilwe  I  .  1A80.  ’'Ttie  Ki|ii  i  1  i  lir  Mini  K.iiikc  in  t  lie  Freijueney  Spectra  of  Llie 

Winil  iKMier.ited  tir.ivity  W.ives,"  I’ roi'eeil  i  (i>;.s  ,  Alh  Conference  on  (Icean  Hug  i  nee  r  i  ng 
Ml  the  keputili^  ut  Chin. I  . 

I'tiillips,  (I,  .‘‘1.  I'tSi'.  "(In  I  tie  Cene  r.i  I  I  on  of  Waves  liy  TnrI'iilent  Wirnl,"  Jtmrnal 
of  t'  I  II  III  .’•tectian  i  cs  ,  Vo  I  2,  pp  AIT-hAS. 

IASS.  "Ttie  K<pi  1  I  1 1)  r  I  nm  K.ingt*  in  t  li(>  Spei  t  riiin  of  Wind  Generated 

Waves,"  Joiirn.il  of  Fluid  Mei  lian  i  (.s  ,  Vo  I  4,  pp  42()-4A4. 

Res  I  o ,  I).  T.  l')8l.  "I  tic  Kstini.it  ion  of  Wind-W.ive  Generation  in  .i  Discrete 
Spcctr.il  Model,"  .toiiin.il  of  Ptiys  m  .i  I  ( tce.inog  r.iptiy .  Vfi  1  11,  No.  4,  pp  'iKl-'j2S. 

IA82.  "W.ivc  I’rediilioii  in  Sli.illow  W.iter,"  I4tti  Otfstiore  Tech¬ 
nology  Conlercinc,  lloiislnii,  lex.,  (ITC  424  7,  pp  147-lfd). 

sill,  D.  T.,  iii'l  '.inccnl,  (' .  I..  lA/O  "Ks  t  i  iii.i  t  i  on  ol  Wands  ovc'r  the  Gre.it 

L.ikcs,"  M 1  SI  c  1  1  .incoii;.  P.iper  It-7i)-l2,  IS  .Army  Knginecr  W.iterways  Kxperinient 
.S  t  .  1 1  i  o  n  .  V  I  I  k  s  1 1 1 1 1  g  ,  1  s  s  . 


The 

r  n  t  o  n  ,  K 

,  H  . 

1  A  7 

"R 

j’llr  r 

1  V.1 

1  1 

Ofl  O 

1  tin¬ 

.S.i  t  II  r 

•It  1 

on  R.inge 

1  n  .1 

1-  re 

ijiiency 

Spe 

c  t  1  inn  1 1 1 

A  1  nd 

-Gen 

1  ‘  r  .1 1 

e.| 

G  1  .1  V  1  1 

\' 

W,i  v<' 

's,  ■’  .1 

oil  rii.i  1 

ol 

I’tiys  i  c.i 

1  Cici' 

a  nog 

t  .ijihy , 

"  1 

.  I’P  1 

17-1  4 

1) . 

1  S 

.Ariiiv  Co.i 

st  .1  1 

Kng  1 

flee  { 

1  llg  Re 

se.i 

r  < 

h  t'r 

liter. 

1  A  7  7 

"Shore  1' 

r  ot  ei' 

1  ion 

^lanii.i  1  ,  " 

ii  il 

e.|.  (Vo 

Is  1  , 

1  1  , 

.1  ri'l 

1 

M  )  . 

St 

Ol 

k  Nh 

i.  008 

-022-00 1 1 

i- I ,  DS  1 

love  r 

ninei! 

t  I’r  1 11 1  - 

1  n  g 

1  '  M  1  1  e  , 

A . 1  s  tl 

1  n  g  t 

'  in  , 

DC 

'  .  II 

1  cut  ,  ( 

1,  . 

1  ‘IS  1 

" 

A 

Mel  11 

od 

f  < 

n  l.s 

t  1  Ilia  t 

ing  De 

pi  11 

-  1.  i  m  1  t  ed 

W.i  ve 

Kill- 

I'kV ,  " 

I'ep 

.  ( '  K  1  ,A  .8 

1  -  In, 

IS 

A  r  iii\’ 

(■ 

0.1  S  1 

.1  1 

Kng  1  tie 

er  1  llg 

H  t  ‘  s  t  ’ .  1 

rv  11 

t.'eii  t  e  r  . 

Korl 

He  1 

voir,  \  .1  . 

1  'CS 

.'  iM 

.!>■)- 

"Sh.i 

1  low 

A.I  1  e 

‘  I  W  ,1 

I*  Mode 

ling,"  1st 

1  liter 

II. 1 1  1 

on.i  1  (.Sin  - 

lei 

on  1  e  .  ,11 

Mel  eo 

1  ..  1  o 

ml 

Ai  1 

-Se 

.1 

lute 

'  r.i  1  1  1 

•  >n  1  n 

t  he 

Go.i  s  t  .1  1 

Zone 

,  Ml 

e  tl.i  gi.e  . 

I  c  I  cn  1  c 


T.ihlc  1 


P>i  r.iinc  I  r  1 1  Growth  kjto  Kstiin.itts 


Fet  eh 


.on>' t  h 

W 

1  ml  .Spo< 

•il ,  kiiot  s 

n  .  Ill . 

P,i  r.iim 

Ifi 

2 . 0 

4 . 0 

() .  0 

K.O 

10.0 

1  P  .  0 

1 

16. 0 

18.0 

20 . 0 

> 

11 

III!  ' 

1  l 

0  .  O-'i 

0 . 00 

0  .  1  0 

0.22 

0.  !0 

0 . 3K 

0 . 4  7 

0.46 

0 . 64 

0 . 7.4 

T  , 
p 

SOI 

0  .  (>■'• 

0  . 

1 . 1 

1  .  i 

1  .  4 

1  .  0 

1  .  7 

1  .  8 

2 . 0 

2  .  1 

b 

It 

mo 

1 1 

0 . 0 

U  .  1  0 

0.12 

0.  iP 

0 . 4  S 

0.44 

0 . 68 

0.81 

0.04 

1.08 

r 

p 

.SCI 

0  .  « 

1  .  P 

1  .  4 

I  .  7 

1  . ') 

2  .  1 

;  2 

2.4 

2.6 

2.7 

10 

H 

mi  I 

It 

0  .  Oh 

0  .  1 

0  .  Pfi 

0  .  .iH 

0.4! 

0.64 

0.80 

0 . 06 

1.12 

1  .  20 

'1'  . 

P 

see 

0  .  ') 

I  .  0 

1  .  t) 

1  .0 

2.  1 

2.3 

P  .  4 

2  .  7 

2 . 0 

3.0 

1  A 

II 

mo 

1  1 

0.07 

0.1,' 

0  .  PO 

0.40 

0 . 4  7 

0.7  3 

0.00 

1.07 

1  .24 

1 .44 

1'  , 

P 

SOI 

1  .0 

1  .  4 

1  .K 

2  .  1 

2  .  .1 

2.4 

2.7 

2.0 

3.1 

3.3 

Ih 

11 

mi  1 

t  t 

0.07 

0.  10 

0  .  iP 

0 . 46 

0.63 

0.80 

0.08 

1.17 

1  .  36 

1.47 

T  , 

P 

SO( 

1 .  1 

1  .  '■) 

i  .  0 

2. 2 

2.4 

2.  7 

2.0 

3.  1 

3.3 

3.4 

)  > 

H 

mo 

1 1 

0  .  OK 

0  .  PO 

0  .  54 

O.SO 

0.6  7 

0.8.4 

1  .  04 

1  .  2.4 

1 .46 

1 .68 

1  , 

P 

SOI 

1  .  1 

1 .  b 

2.0 

p.;i 

2.6 

2.8 

3.  1 

3.3 

3.4 

3.7 

Jh 

H 

mo 

1 1 

0  .  OK 

0  .  P  ! 

0  .  U. 

0  .  S  i 

0.7  1 

0.00 

1.11 

1  .  32 

1 .44 

1  .  78 

1 

P 

SOI 

1  .  J 

1  .  7 

P  .  1 

P  .  4 

2  .  7 

P  .0 

3.2 

3.4 

3.6 

3.8 

iO 

fl 

III. . 

I 

1 1 

0  .  O') 

0  .  P  P 

0  .  vK 

0.44 

0. 74 

0 . 04 

1.16 

1  .  30 

1  .  62 

1  .  86 

S  t  ; 

1 .  J 

1  . 

P  .  1 

P  .  4 

P.K 

!.() 

i.  i 

3.4 

3.8 

4 . 0 

P 


All  w',iv«'  pcrioils  less  ill. Ill  1.0  sci'  woiil'l  ho  rolls  i  ilo  toil  .is  ii  I  t  r.i  k  i  .i  v  i  t  y 
w.ives  .iiul  .ire  not  mc.i  n  i  n  a  f  ii  I  in  the  over. ill  hiinh.ist. 


Table  2 


M.ixumiiii  W,ive-He  i  g^tiL  Conditions 


ITite 


St  .1 1.  1  (111 

Year,  Month 

11 

1 

Niinibc  r 

Day,  Hoiir 

Mf'asu  red 

W(,-68 

8  1  108018 

1  .  48 

8  1  1  1022  1 

1  .  10 

8  1  1  10900 

1  .86 

81  1  11008 

1  .  88 

81 1 12000 

1  .87 

8  1  1  126  I  S 

1  .  80 

81  1  18021 

1  . 66 

81120121 

1  .  69 

81  12092  1 

1 .44 

81  12  1  10 t 

1  .28 

8  1  121800 

1  .  78 

8  1  121808 

1  .  80 

81 122009 

1 .42 

81122112 

1 .68 

8 1  122909 

1  .  84 

8  1  128100 

2 . 04 

82010 818 

1  .  84 

82010809 

1.01 

Wt;-2S 

8 1 108018 

0.94 

8111 1008 

0.91 

8  I  N 192  1 

1 .08 

Sill  802 1 

1.14 

81120121 

1 .22 

81 121406 

1 . 06 

81 121800 

1  .  10 

81 121800 

1 .08 

81 128100 

1 .46 

82010800 

1 .00 

8201 102 1 

1  .84 

8201 1209 

1 . 08 

wt;-()() 

8  1  1  10206 

1  .  88 

8111  1000 

1.17 

8111 2000 

1 .82 

81 1 18018 

1  .08 

81 120200 

1 .20 

81  121800 

1  .  82 

81121721 

1  .  10 

8  1  122909 

1.17 

8! 12  1100 

1  .  4f) 

820  10  721 

1  .  88 

820  1  102  1 

1  .  .8 

820 1 1 200 

1  .  .’  1 

820  1  !  .Of, 

1  .  )  1 

ft  T  ,  sec 

_ £ _ 


Hindcast 

Measured 

Hindcast 

1  .  14 

2.78 

2.75 

1  . 06 

2.58 

2.64 

1  .  88 

3.93 

3.16 

1 .68 

2.87 

4.06 

!  .90 

3.08 

4.  19 

0 . 68 

7.73 

2.35 

1 .42 

7  .  73 

3.24 

1 .64 

2.05 

3.81 

i  .  8.8 

2.87 

2.94 

1  .42 

2.80 

3.16 

1  .  f)6 

3.50 

3.50 

1 .88 

3.00 

3.16 

1.28 

2.87 

2.87 

1 . 04 

7.73 

2.44 

1  .49 

2.39 

3.16 

1  .61 

3.24 

3.32 

1.00 

6 . 54 

2.69 

0.93 

2.08 

2.48 

0.75 

2.44 

2.11 

1.45 

2.01 

2.87 

1  .  74 

2.80 

3.08 

1.28 

2.  75 

3.41 

1  .46 

3.00 

2.81 

0.85 

2.35 

2.30 

1 .49 

2.35 

2.94 

1  .  19 

2.30 

2.48 

1.23 

2.87 

2.58 

1.28 

2.  19 

2.58 

1  .  39 

2.22 

2.58 

1.10 

2.26 

2.22 

1 .05 

2.94 

2.64 

1 .65 

2.58 

3.24 

1 .95 

2 . 64 

3.50 

1 .48 

2.48 

3.50 

1 .65 

2.53 

3.24 

1  .  f)4 

2.64 

3.24 

1  .54 

2.88 

3.01 

1.12 

2  .  85 

2.35 

1  .  82 

2 . 94 

3.24 

1  .  1 

2.  75 

8.08 

1  .  :  1 

2.81 

3.32 

1  . 8 ; 

2  .  .8 

:i .  1 6 

1  .  I 

2,87 

8.16 

Table  i 


Slat  1(1(1  l.iii.  a  I  i  oils  ami  Water  Depths 


Stall  rai 

N(. . 

Wa  t  e  r 
Dept  h 
ft 

i.on>t  i  t  iide  ,  W 
(leg 

l.a  t  i  t  ude 
(leg 

I 

S  .  a 

01.41 

20  .  IS 

h  .  s 

0  1.41 

20 , 4S 

10.0 

0  1  .  ‘>4 

2  0  .  10 

a 

b  .  0 

0  1  .  bO 

20 . 4S 

) 

i .  0 

0  1  .  bO 

20  .  S  1 

b  ! 

11.0 

0  1  .  bK 

20  .  (>() 

7 .0 

0  1.74 

2  0  .  bO 

H 

t)  .  0 

0  1.87 

20  .  b7 

<) 

«  .  0 

'U  .  0  < 

20.68 

1  0 

K  .  0 

0  1.01 

20  .  7  7 

•  W(;-2S, 

■  "  Wt'i-b8  . 

1’  W()  -  bb  , 

AHHKNDIX  A:  N(  iH  IIIKHLY  W(NI)  AND  WAVK  DATA  FDK  VEK  I  F  U:A'1' 1  ON 
Oh  THE  SHAEEoW-WAi'EK  WAVE  MoDEE 


I.  Ki’siills  |i  r  f'St'ti  I  f‘i|  in  Ihis  .i|'|"nnlix  (I.il'lr  Al  irnl  tiiJiirf;.  A  I -A  F'j  )  .1  r 
il'‘t'iv(‘il  friJiii  iii(M.siir(Ml  wind  .uni  wm\i'  ti.it.i  iibt.iincd  dining  t  dc  iih  n  i  1 1  >  r  i  ng  pro- 
:<r.iili  in  At  (  ti  i  t  <i  1  ay.i  B.iy  .  Fiidi’i  I'.u  li  sIdi;,!  nniiihi-i  i  ilrn  t  i  1  i  n  i  .ut'  linns  o{  dal 


I  liny  .1  in  tin'  d.itn  (  yn.i  r  ,  iiinntti,  d.iy  ,  tnniri,  wind  ^,|l(•(•d  i  i  ii  krmt:.  'im.i ii  i  C'd  .it 
10-111  (ivnrwntni  n  I  nv.i  I  i  un  )  ,  .ind  wind  dirniiion  ;  l"l•.i^n  i  n,l  in  dnyrnn.s  i/MiiuLh, 

”  t  rum  will  I'll  t  tinv  t.imn'’). 

d.  All  1  oiiip.i  r  I  sons  of  liindt.ist  .iiid  nin.isiirnd  II  .iiid  I  arc  prn- 

llln  p 

snn  t  nd  ^  pi'  i  '  a  I  I  V  .uid  .i  rn  i  I  n.i  r  I  v  i  dnii  I  j  I  i  nd  . 


Tahle  A1 

Northerly  Storni  Wind  Conditions 


.5 1  o  nil 

Date 

Year,  Month 

Wind  .Speed 

Numlu'  r 

D.iy,  Hour 

knots 

1 

8 1 1 10909 

7.9 

8 1110912 

15.4 

8111 09 1 5 

14.4 

8] 1 10918 

12.6 

81  1  10921 

12.1 

8  111  1000 

15.8 

8111 100  1 

19.1 

8111 1006 

19.2 

8111 1009 

17.6 

81 111012 

13.7 

81111015 

14.7 

81111018 

14.  1 

81111021 

15  .  7 

81111100 

14.5 

81111103 

13.9 

81111106 

14.5 

81111109 

1 .3 . 5 

81111112 

8.7 

81111115 

6.4 

81111118 

6.5 

81111121 

8.7 

8111  1200 

12.  1 

811 11203 

11.8 

81111206 

10.8 

2 

81111921 

16.9 

81112000 

22.9 

81  1  12003 

22.5 

81  1  12006 

22.0 

81  1  12009 

20.4 

81112012 

14.2 

81112015 

11.7 

81112018 

12.4 

3 

81 122306 

14.8 

81122309 

12.4 

81 122312 

11.8 

81122315 

7  .  1 

81 122318 

8. 7 

81 122321 

12.2 

8 1 122400 

14.8 

81 122403 

14.  i 

8 1 122406 

15.9 

(  Coni  1  niied  ) 


A2 


Wind  Direction 
de^  azimuth 

331 .0 

322.3 

329.4 

328.2 

322.4 
312.0 

325.5 

332.3 

342 . 1 

330.8 

321.4 

333.8 
333.3 

20.6 

18.8 

16.9 

14.0 

33.6 

301.6 

320.2 
315.0 

13.  1 

27.6 

38.7 

321.7 
332.6 

336.9 
331  .9 
33  7 , 4 
32  3.4 
310.1 
3  13.7 

140  .  1 
2  7.8 
19.1 
0  7.7 
4  1.9 
10 . 5 
48  .  f, 

A8  .  (1 

15 . 8 


(  Sliee  t  1  o  t  1  ) 


T;it>l( 

Al  (Continued) 

» 

D.il  f 

- - 

— 

II 

Vi  M  r  ,  Mull  t  h 

Vv'ind  Speed 

Wind  Direction 

.  ■  Niiiiilic  I 

Da  \  ,  Hall  r 

knots 

de^  azimiith 

! 

«  1  Ija4(j,^ 

10.1 

42 . 4 

K  1  1  _'^/4  1  J 

14.7 

44.7 

■  ■ 

1  1  1  a 

Id.  7 

30.7 

HI  1.'^'4  1H 

17.4 

30  .  1 

H  1  1  j:'4a  1 

14.4 

37.4 

H  1  1  4.’'a()0 

1  }.  } 

17.4 

"V. 

HI  14240  i 

1  ) .  0 

14.0 

^  • 

H  1  144')00 

11.6 

17.3 

HI  142400 

10.6 

24.8 

■ 

H  1  14400} 

10.0 

48 . 9 

■ 

8 1 144000 

13.0 

41.9 

8 1 1 44000 

17.0 

42.4 

8  1  1  440  1  4 

17.4 

49.2 

8  1  1440  14 

14.6 

49.2 

HI  1 4  40  18 

18.9 

79.4 

L* 

8 1 1 4404 1 

10.2 

60.6 

8  114  }000 

0.4 

44.7 

8  114  )00  ) 

13.2 

58.4 

8  114  }()0O 

12.3 

56.0 

8  114  iOOO 

12.  7 

72.8 

H  1  1 4  )0  1  4 

12.7 

75.3 

H I  1  4  (0  1  a 

12.1 

68 . 1 

< 1 14  !0|H 

10.1 

71.0 

■}.’()  10  ;4  1 

10.2 

22.2 

•  ■u'o  10800 

18.4 

19.9 

8.  11  108(1  ( 

10.4 

25.2 

8.  (I  1  OKl't 

16.7 

25.7 

8.  0  1 IIKOO 

10.3 

34.0 

.■■',4"  1  OH  1  4 

1  ).  4 

32.8 

4  '  'I  1  1 '8  1  ) 

8.  7 

26.6 

■•. .  1 1  1  1 1  S  1  8 

11.1 

24.4 

84" 1 OS4  1 

1  }.4 

13.1 

.• 

a  4u  '  '  ,'1(1(1 

1  ).4 

17.4 

-  .  1  ,  ,-,(1  ( 

1  1  ,<) 

17.0 

,-4  ,  1  ‘ ' ' '  1 . 

8  .  ) 

1  4  .  ti 

,  ,  ,  ., 

8 . 4 

4  1.0 

.  ■  :  . 

7 .  ) 

)4  1  ,  i 

4"  ■■'■'I 

"  1 

144 . 0 

• 

8 . 0 

}!o.4 

a  .  / 

}  to .  () 

4  .  *-♦ 

4  }  .  4 

a  .  1 

17,  } 

a  .  0 

1  }  .  a 

• 

■  lit  (Hill'd! 

(Sticet  4  ul  i) 

r.ihlc  A1  (  Coin  1  iidfd  ) 


S 1  o  nil 

Da  t  e 

Year,  MoiiLh 

Wind  Spcid 

W 1  iid  D  i  rt'(  1  1 

Niiiiibe  r 

Day,  Hour 

knot  s 

dcj,^  .izimutli 

r 

.) 

8201 1000 

0 . 8 

80 . 0 

8201 1012 

14.0 

4  8.0 

820 11018 

11,6 

8  7.8 

8201 1018 

i:s.  7 

10. 8 

820  1102  1 

2  1.8 

16.8 

8201 1 100 

10  .  1 

10,8 

8201 1 108 

17.2 

28  .  7 

8201 1 106 

16.8 

10.0 

820 1 1 100 

18,4 

88.6 

8201  1112 

10.0 

81.1 

8201 1118 

8.8 

60. 1 

8201 1118 

6 . 2 

74.4 

( sh.Ti  lot  n 


HINDCAST 


HINDCAST 


DAY 

JANUARY  1982 


-HINDCASr 


Si  .11  I  111  -  I  I  \'  S  I  '  •  I  IN  W  i  l|ii  I  (iriil  I  t  I  .  HI 


I  1. 1  I  ■  ■ 


.'•»  1  '-rill 

1 1 ‘  1 1  .  '1  '1 1  r  h 

Willi  S  j . 1 

W  1  ni!  !i  1  n 

( t 

\  1  :iiit K '  ( 

D.i  V  ,  ll"!i  1 

k  n  1 '  t  .s 

ili’K  .1/1  mu  t  t 

1 

.Mil 

10  .  1 

!  Of.  , 

7 

•SMI  J.  .  1 

111  ,  s 

US  . 

(. 

s  Ml.'  1  1  > 

!  0  .  .s 

U  f  . 

(J 

s  1  1  1 S  1 

1  !  .  ( 

UU  . 

(i 

11!  : 

j 

:  J  '  i 

'J 

:  !  !  .I'.  1 

!  ■'  -  1 

1  ] 

0 

■■  i  :  ;  .'ti'.'  ; 

!  .  .  ! 

1 

■ ) 

^  1  i  IJ'.I'I. 

1  ^ 

1  1 

-.1  !  1  li'.- 

•  1 

I  -4  S  . 

'  ■  1  !  .'(■  i 

I ) 

j  ^  •  •  .  _  '  . 

■  V.. 

!  Ji.  . 

■  { 

I  ; 

'  ■+  S  . 

s  ,  ,  1 

■-  ■' 

!  O'v  . 

r\ 

■Ml:  '  ■ '  : 

.  ! 

1  1  .s  . 

i  . 

'  ,  i  .'1,'...  I  .s 

.  . 

1  u . 

1 

■  ■  1  1  .  ’  1  ’  .  ’  .  j 

•;  1  !  'll  ji)i' 

^  .  ! 

1  ‘ 

■i 

1  1  JU  Hi 

1 

1 

•  1  I  .'!>  !l'f. 

iS  .  ■* 

^  -4  . 

1  1  .'ii  ;i‘" 

)  .  ♦ 

J  ■)  s . 

■■ 

S  1  I  .’0  i  1 

:  . 

1  M  . 

•SI  1  .’1)  ■:  1  ■) 

I'O)  , 

.s  1  1 .11  ■;  l-s 

.  ■) 

J 1 '  ■  . 

0 

s  1  1  .-n  I 

1  ' . 

> 

S  1  1  lUU 

t  t  ! 

/  50  , 

> 

•s  1  1  .'ii..n  ; 

/ , 

1  .  11  .111, 

i  f  •  . 

]  , 

fl0-fll56  692  THE  HTCHFlFflLflVfl  RIVER  DELTA  REPORT  10  WAVE  HINDCASTS 
MAIN  TEXT  AND  APPEND.  .  (U>  ARMV  ENGINEER  UATERUAVS 
EXPERIMENT  STATION  VICKSBURG  MS  HVDRA  R  E  JENSEN 
UNCLASSIFIED  MAR  85  UES/TR/HL-82-15/10  F/Q  8/1 


MICROCOPY  RESOLUTION  TEST  CHART 


Table  B1  (Concluded) 
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Storm  Year,  Month 
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Figure  B9 .  Wave  comparisons  for  Storm  3A  at  WG-66 
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Bll.  Wave  comparisons  for  Storm  4A  at  WG-25 
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Figure  B14.  Wave  comparisons  for  Storm  5A  at  WG-25 
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